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•THIS 



INTRODUCTION. 



The object of the following pages is to extend the 
knowledge of two instruments connected with the Steam- 
engine, the Indicator and Dynamometer : the tormer of 
which is of universal application in land and marine en- 
gines ; and the latter is applicable to those marine engines 
in which the screw is used as the means of propulsion. 

The Indicator is one of Watt's inventions, upon which 
he was accustomed to place great reliance ; and it may not, 
perhaps, be too much to say, that, in his hands, it contrib- 
uted mainly to his successive improvements of the Steam- 
engine. After his patent had expired, and the Engine 
had become public property, the various makers, it seems, 
did not at first sufficiently value this useful instrument; 
for we find Farey, in his work on Steam, complaining that 
Steam-engines had rather retrograded from neglecting it. 
However that may be, such is not the case now; for every 
engine maker is careful to apply it, as the best means of 
testing the working condition of his engine ; yet even now 
there are many classes of people connected with the Steam- 
engine, such as officers commanding steam-vessels and en- 
gineers, to whom a fuller description of the instrument, 

and the uses to which it may be applied, will be acceptable- 

(iii) 



IV INTRODUCTION. 

Having felt personally the want of more practical in- 
formation on the subject in existing works, it has been 
thought by the Authors that the following pages will sup- 
ply a deficiency, of which many have complained; and 
enable those who have not the opportunity of making ex- 
periments to gain a more intimate knowledge of the Indi- 
cator; atid it is hoped that some novel applications of the 
instrument will at the same time give it a degree of 
interest among those who are conversant with its ordinary 
details. 
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THE INDICATOR. 



The Indicator appears to fulfil two distinct and very 
important ends. 

1. It enables us to discover whether there are any de- 
fects in those parts of the machinery by which the steam is 
admitted to the piston: for instance, it indicates whether 
the slides are properly set, or leaky ; whether the stops on 
the intermediate shaft are properly placed ; whether the 
steam-ports are large enough ; and, consequently, whether 
a different arrangement of the working part of the machin- 
ery would be advisable. In fact, in the hands of a skilful 
engineer, the Indicator is as the stethoscope of the physi- 
cian, revealing the secret workings of the inner system, 
and detecting minute derangements in the parts obscurely 
situated. 

2. It discovers, at any instant of time, and under any 
given circumstances, when it may be desirable to apply it, 
what is the actual power of the engine. 

We will first give a description of the instrument, and 
then proceed to its various uses. 

Plate I. Fig. 1, is an external view of the Indicator, as 
constructed by Messrs. Maudslay and Field, having half the 
dimensions of the original in every respect. The dotted 
lines are intended to show the internal parts. ^ is a hol- 
low c)^linder, whose upper end EH is open ; the lower end 

5 



6 THE INDICATOR. 

being intended to fit into an orifice in some part of the en- 
gine (generally the top or bottom of the cylinder) by means 
of the screw aa; 6 is a stop-cock, by which,. when the in- 
strument is attached, we can, at will, make or cut off a com- 
munication with the internal parts of the engine. Within 
the hollow cylinder -4 is a piston win, packed and fitting 
steam-tight * Let us suppose, for perspicuity, the instru- 
ment to be in communication with the top of the steam- 
cylinder. Then, when a vacuum is formed above the steam- 
piston, the atmospheric pressure will force down the piston 
of the Indicator, and it will remain at its lowest position till 
fresh steam enters ; but it would immediately (unless pre- 
vented), on receiving a new impulse, be blown out of the 
open top HE. To prevent this, and at the same time to 
enable us to qieasure the force of the steam, a spiral spring 
presses with its lower extremity against the surface of the 
piston, while its upper end rests against the fixed cross-piece 
c. By this arrangement, the place of the piston will always 
vary as the pressure of the steam varies ; for it is a mechani- 
cal fact, that the tension of a spring varies as the extension. 
Hence the greater the pressure of the steam, the more the 
spring is compressed ; and, on the contrary, as the steam 
loses its elastic force, the spring expands, and the piston 
descends. So that, to get a clear idea of the instrument, 
conceive the piston to be acted on by opposing forces: on 
the lower surface by the pressure of the steam (continually 
varying), and on the upper surface by two forces, viz., the 
pressure of the atmosphere (constant) and the force of the 
spring (varying so as to balance the steam-pressure). Now, 



* In practice this piston must not be packed ooertight^ for fear of increasinf^ 
the friction and preventing the free motion of the pencil ; but the defect, 
if. any, must be remedied b^ keeping melted tallow or oil on the upper 
■nrfaott. 



DESCRIPTION OP INSTRUMENT. 7 

as the steam-force is perpetually varying, it follows that the 
piston-tube (de) will be continaally rising or falling. If a 
pencil {p) be attached to the upper end of this tube (de) in 
which the spring works, it will describe a vertical straight 
line on a piece of paper brought into contact with it. This, 
however, is not sufficient for our purpose. This line would, 
after it was traced, tell us the maximum and minimum 
pressure during the stroke : but the pressure at any par- 
ticular portion of the stroke would still be undetermined. 
We must, therefore, have some plan similar to that adopted 
in other cases where the vertical motion of a pencil under 
particular circumstances is to be registered. In all such 
instances, the paper on which the variation is to be laid 
down is drawn horizontally at a certain rate. If, for in- 
stance, we were desirous of recording how the pressure 
varies with the time^ the paper must be drawn uniformly^ 
by connecting it with clock-work, or some other apparatus 
for giving a uniform motion. But this, however, is not 
usually the desideratum in the steam-engine. Our object 
is here to have, represented before our eyes, the variation 
of the pressure for every portion of the stroke of the piston ; 
and this is contrived as follows : the paper is wrapped round 
a cylindrical barrel C, which is brought back against a stop, 
by a strong watch-spring contained in the box EF. A 
string passes round the pulley J), and is led away through 
a fair-leader 6r, to some part of the engine having a similar 
motion to the piston cross-head, only much reduced; by 
which means the watch-spring and the spring are always 
opposing each other. As the piston rises, the barrel will 
be pulled from left to right ; and, on the contrary, as the 
piston descends, the string having a tendency to slacken, 
the barrel will, by the force of the spring, be brought back 
from right to left. At p is the pencil attached to the upper 



8 THE INDICATOR. 

end of the tube {dg\ and rising and falling with the Indi- 
cator-piston ; and this can be brought into contact with the 
paper on the barrel C, or removed from it, at will, by means 
of the joint at g. The rod x-z^ and another one on the op- 
posite side of the cylinder, serve as guides to the piston. 

The Indicator-scale. 

The paper is kept on the barrel by means of the strip 
of metal Ai, on which are divisions representing the pres- 
sure of the steam. It will be seen that it is graduated 
throughout its whole length, beginning from zero, and 
proceeding upwards and downwards. Now this zero is the 
level at which the pencil stands when the instrument is un- 
connected with the steam-engine, and therefore acted on 
by the atmospheric pressure above and below the piston. 
The pencil will be seen at this level in the figure. If the 
barrel be made to revolve under these circumstances, a 
horizontal line will be traced out. This is called the atmos- 
pheric, or zero, line. And, therefore, the pencil will also 
be at this level whenever the steam, taking the place of the 
atmosphere below the piston, exerts the same pressure : and, 
consequently, wherever the diagram cuts this horizontal 
line, the pressure of the steam is 15 lbs. on the inch;* when 
on the level of the marks 1, 2, 3, etc., above this zero, the 
pressure is 16, 17, 18, etc.; and when on the level of the 
marks 1 , 2, 3, etc., below this, the pressure is 14, 13, 12, etc 

To graduate the Indicator-scale. 

Mark the point where the pencil touches the scale when 
the atmosphere is acting freely on both sides of the Indica- 
tor-piston ; then, having previously found the area of the 

♦ More strictly, 14-75 lbs, or a quantity differing from this slightly sooord- 
ing to the state of the weather. 



TO TAKE A DIAGRAM. 9 

piston in square inches, multiply the result by 16, and ap- 
fAy: it as a weight in lbs. to the under side of the piston. 
This will cause the pencil to descend through a space corres- 
ponding to a decrease in pressure of 15 lbs. Make another 
mark at the point where the pencil is standing, and divide 
the intervening space into 15 equal parts, each of which 
will correspond to 1 lb. pressure. This scale can be con- 
tinued above the highest division as far as requisite. As 
an example, let us suppose tUe diameter of the piston to be 
1| inch, the corresponding area is 5*1051 square inches, 
and the weight to be attached 15 x5-1051, or 76'5 lbs. 

When the atmospheric line is tQ be traced. 

The atmospheric line should not be taken till after the 
rest of the diagram has been completed ; because, as the 
parts become warm by the steam, slight variations occur in 
its position, depending principally on the alteration in the 
force of the spring ; and since this line serves as the origin 
from which the pressures are dated, it is necessary to have 
it laid down as correctly as possible. 

The use of the small hole (m) in the side of the stojh 

cock (jnb). 

It serves to let the air into the cylinder {A) when the 
steam is cut off by the stop-cock, and thus enables us to 
take the atmospheric line ; the stop-cock performs the 
office of a three-way cock ; for by turning it in one direc- 
tion we allow the steam to enter, and exclude the external 
air ; and by turning it in the opposite direction we admit 
the air, and exclude the steam. 

Method of taking a diagram. 
First, look out for some part of the engine whose mo- 
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tioti is proportioned to that of the steam-piston ;* taking 
care that the space moved through at that pait shall be 
somewhat less than the circumference of the traversing 
barrel ;t that is to say, whatever be the diameter of the tra- 
versing barrel, let the movement of the part you are look- 
ing for be not greater than three times this diameter. Fasten 
a string firmly to this point, and have a traversing loop in 
the loose end of the string ; it must be of such a length 
that it may be connected with the string passing round the 
pulley of the Indicator. Then close the stop-cock of the 
Indicator, and fix it by the screw {ad) to some orifice pre- 
viously prepared in the ^top or bottom of the cylinder.^ 
Insert the pencil you intend to use in the small hole (j>) 
made for its reception, and clamp it there. The pencil 
should be hard, and have a fine point, to give as clear and 
distinct a line as possible. Those used for drawing-instru- 
ments, and marked hhh, are probably the best. Have 
some pieces of clean writing-paper provided, long enough 
to be brought round the traversing barrel, and overlap 
about an inch. Paper previously ruled is useful for this 



* That is to say, when 70a are wishing to find how the presnwe varies with 
the stroke of the engine. 

t In some engines there is no point except the cross-head of the piston 
to which the string oonld be attached. The motion must, in these cases, 
be reduced by palleys ; the circumference of one pulley being equal to the 
stroke of the engine, and that of the other to the motion of the Indicator, 
or they should be to each other in these proportions. 

X If the top of the cylinder bs chosen, the orifice for the grease-cup will 
generally answer the purpose. In most cases, however, a pipe leads from 
the top to the bottom of the steam-cylinder, and the Indicator is attached 
to this pipe. It is provided with stop-cocks, so that when once fixed, the 
arrangement is very convenient for taking two diagrams almost simulta- 
neously from the upper and lower part of the cylinder. The only objec- 
tion to it seems to consist in the tendency of the steam to condense in the 
pipe. For this reason it is advisable to have the Indicator as close to the 
cylinder as possible. 
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purpose, the ruled lines being placed lengthways on the 
cylinder. Wrap a piece smoothly round the barrel, and 
fix it by means of the clasp (ih) on which the scale is marked. 
Then tear away all the surplus paper, and examine what 
remains, to see if it be quite smooth ; for if there be any 
ridges, the curve will have an irregular appearance, which 
might lead us to suppose some of the gear for working the 
slides had become loose, or much worn. Next wind the 
Indicator-string round the pulley of the barrel D ; and 
connect the hook at its extremity with the loop of the string 
attached to the engine. Adjust the string by means of the 
running loop, till you are satisfied of the motion of the 
barrel ; allowing it to make nearly a whole revolution, but 
examining it most carefully to see whether it becomes 
slack, or overtaut. The stop-cock (6) may now be opened 
wide, and the Indicator-piston will immediately start into 
motion ; the piston must be well lubricated, to reduce the 
friction as much as possible, and at the same time to pre- 
vent leakage. Let the instrument work for a few seconds, 
to allow it to become thoroughly heated ; and when it has 
arrived at the same temperature as the steam-cylinder, it 
is in a fit state to trace its diagram. When satisfied of the 
working of the machine, take hold of the pencil when it 
comes to the bottom of its stroke, as it is longer stationary 
at this part, and bring it gently into contact with the paper. 
This part of the operation requires some practice ; for if 
the pencil be allowed to come forward too rapidly, the 
spring at ^, by which it is pressed against the barrel, will 
break the point ; and again, if held too long, the force of 
the steam, suddenly acting on the machine, will force it 
out of the hand, or break the holder. When left to itself, 
it will trace out a curve on the paper. As soon as it has 
made a complete circuit, let the pencil be withdrawn from 
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the paper (being careful not to take hold of it until at the 
bottom of its stroke). In order to have the line distinct, the 
pencil should not go over the same ground twice. Shut 
off the stop-cock, and the piston will become stationary, 
both sides being acted on by the pressure of the atmos- 
phere. Bring the pencil again in contact with the paper, 
and as the barrel traverses, the atmospheric, or zero, line 
will be drawn. The operation is now complete, as far as 
the curve is concerned. Withdraw the pencil once more, 
unhook the line, and take off the traversing barrel. Next 
take a fine pointed hard pencil, and before taking the pa- 
per from the barrel, mark off upon it the scale of pounds, 
beginning with the atmospheric line, and proceeding up- 
wards and downwards. After taking the paper from the 
barrel, it is completed by writing on it the date of the 
month, the name of the ship, that of the engine (whether 
starboard or port), top or bottom of cylinder (as the case 
may be), the number of revolutions, the pressure of steam 
by steam-gauge, and of condensation by barometer-gauge. 

It is important to have means of shortening or lengthening 

the string attached to the Indicator. 

Too much attention cannot be paid to this precaution. 
If an undue strain be brought upon the string it will 
stretch, and if the string be too long it will become slack ; 
and in either case the barrel will be stationary for a small 
interval while the steam-piston is moving, and the curve 
will not be a true indication of the motion. Indeed, if 
proper attention be not paid to this point, the diagram 
may turn out very different from what it ought to be. 
The comers of the figure will be sharper and better de- 
fined, and consequently those little faults of the engine, 
which it is our object to discover, will be hidden. 
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The pressure of the steam and the state of the vacuum on 
the diagram do not correspond with the boiler-pressure 
and condenser-vacuum. 

Both the steam-pvessure and the vacuum will be less 
than that exhibited by the steam and condenser gauges 
respectively. The difference will depend on the size of the 
ports, the work the engine has to do, the distance the 
steam has to travel, the impediments it meets with in its 
passage from the boiler to the cylinder, and from the 
cylinder to the condenser. 

T^e part of the engine to which the string should be attached. 

It must not be attached to any part indiscriminately. 
Generally speaking, we wish to obtain the pressure of the 
steam for different portions of the stroke of the piston ; 
therefore the string must be fastened to some part of the 
engine having a stroke proportioned to that of the piston, 
only much reduced. The part selected must be as near 
the Indicator as other circumstances will permit ; for the 
greater the distance the longer the string, and conse- 
quently the greater is the chance of error from its stretch- 
ing. Caution must be used also to prevent the string 
from slipping on the rod to which it is attached. One of 
the best contrivances for giving a free and proper motion 
to the string is to fix a pulley to the radius-shaft,* to the 
groove of which the fixed end of the string can be con- 
nected. It will be necessary, in other cases, to make use 
of fair-leaders for the purpose of conveying the motion 
from the part chosen to the Indicator; and due regard 

■ I ■ ■ 1^ » ■■ ■ ■ ■■■■1 ■■ ■ I I - I .» ■■— * ■ I ■■ — III ■ ■■ I ^ ■■■■ ■ 

* A quadrant wiU suffice, if a complete pulley cannot be fitted to the 
radius-shaft. In Maudslaj's direct engine a pin can be fixed on the main 
centre of the air-pump beam. In Seaward's direct engine the string ma/ 
be attached to the centre line of the radius-bar. 
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must be paid in placing fair-leaders, to ascertain whether 
the motion of the engine will be fairly represent! i by the 
Indicator. 

On the general configuration of the diagram under given 

circumstances. 

Let us bear in mind that all vertical ascending motions 
are caused by an increasing pressure of the steam, and 
that the descent of the pencil is a consequence of the elas- 
ticity becoming diminished. Again, with respect to the 
horizontal motion, we must first notice, that the pencil- 
mark is traced in a direction opposite to the motion of 
the cylinder-barrel, because the pencil is fixed in its 
socket, and the barrel moves beneath it. But as the 
barrel moves from right to left* (that is, as the pencil- 
mark is traced from left to right on the paper), the steam- 
piston is descending; while, on the contrary, as the pencil- 
mark proceeds from right to left, the piston is coming up.f 
We shall then arrive at the following general conclusions: 

1. If the motion of the pencil be vertically upwards, * 
as at 1, the steam-pressure is increasing^ but the pis- ^^ 
ton of the engine-cylinder is not moving. 

2. If the motion be downwards, as at 2, the steam- 
pressure is decreasing^ but the piston not moving. 



3. If the line traced be horizontal, thus, ^ the 

steam-pressure does not vary^ but the piston is descending,^ 

* The reader must imagine himself to be facing the Indicator-barrel, as in 
Pig. 1. (See P/ate.) 

t This will be the case in one engine, but not necessarily so in another 
engine ; and, moreover, if the string be led in another direction the reverse 
will happen ; bat this the practical man can correct for himself according to 
oircamstancea, and substitute ascending for descending, and vice versd. 
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4. If the line be thus, -^ — * , the steam-pressure does 

not vary, but the piston is ascending* 

5. If the line run as at 5, the steam-pressure is J^ 
increasing, and the piston is descending* / 

6. If the line run as at 6, the pressure is decreas- \ 
ing, and the piston is descending* i\ 

7. If the line run as at 7, the pressure is decreas- 
ing, and the piston ascending* 

8. If the line rini as at 8, the pressure is in- V 
creasing, and the piston ascending* * v 

The following diagram was taken from above the piston 
of H.M.S. Bee ; and what follows will serve as explana- 
tion of it, and assist likewise in elucidating what has been 
before stated. 

First, we will put numbers round the diagram, in con- 
formity with the principles laid down in the last para- 



graph. Then, supposing the pencil to commence at ^1, 
ttud trace out the curve in the direction of the arrows, we 

• 8«e *«eond ni>t« nn prcOHiling page. 
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6ee tljat the steam preserves its first and highest pressure 
for a considerable portion of the stroke, viz., from Ato C; 
from C to B the downward stroke continues; but the 
steam begins to Inse its pressure, although at a variable 
rate, decreasing rapidly at D. At B the motion of the 
piston ceases ; but the steam continues to fell, till at length 
the pencil moves back nearly horizontally for some space, 
showing the pressure to continue invariable, although the 
piston is rising. At i^, however, 8 shows the steam-pres- 
sure to increase rapidly and suddenly, the piston still 
ascending; till, as this oblique line merges into the ver- 
tical one at G, we perceive that the piston has arrived at 
the upper end of its stroke ; and the fresh influx of steam 
drives the pencil up to A. From this point the pencil 
will retrace the same curve. GD is the atmospheric, or 
zero line. 

This diagram was taken from above the piston, and is 
usually called the "Top Diagram." Similarly, if we con- 
nect the Indicator with the bottom part of the cylinder, 
we shall get a diagram of the same nature, but all the 
motions will be reversed, as in the accompanying figure 



Top and bottom diagrams exhibited on the same card. " 

It was stated in the foot-note of p. 10, that the Indicator 

may be attached to a pipe connected with the top and bot- 
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,tom of the piston, and thus both diagrams maybe take? 
on the same card without shifling the instrument. As 
this is the plan usually adopted at present, a specimen of 
the two diagrams is given, which will be as follows : 



It will be observed that the two figures fiice each other, as 
they evidently ought to do. • 

The above cui'ves exhibit what has been going on within the 
engine. 

The following drawings, marked i. ri, iii. it., are in- 
tended to represent the upper steam-port of a steam- 
engine, with a section of the upper portion of the slide, in 
four different positions. In Fig, i., MN represents th^ 
portway^ and ST t\ie sUde-fece. The slide is supposed to 
be that commonly used in marine-engines, and called the 
Long D-Slide.» 

When the pencil, in tracing out the diagram in p. 15, 
is at G (or it may be rather before arriving at G), the 
slide is in the position represented in Fig. i. and is rising ; 

• SnMariiit Sttao'-EngiM Cb/tb« anthora of tbil work), ArtioU 125 (LOIift 
P-BlidoJ, . , ;.., 
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SO that the atearo is about to enter the cylinder. Now 
this will take place, as the diagram shows, very slightly 



X 



hefoTe the upward stroke of the piston is accomplished ; 
and since the piston and slide are both on the ascent, the 
lower edge S will have a-icended a trifling space when the 
piston is at its highest. This slight space, though trifling 
in amount, is important in its results on the working of 
the engine. It is denominated the lead of the slide. 'As 
the piston descends, the valve continues to rise, and the 
admitting orifice becomes larger; so that although the 
piston is gaining speed in its downward course, yet in 
well-constructed engines the first pressure is continued, 
as we find in the diagram, through a considerable portion 
of the stroke. 

The slide, however, has already begun its downward 
motion ; and when the pencil arrives at C, it has returned 
into the position it had in Fig. I. It is clear that as it 
continues to descend, no more steam can be admitted ; 
whatever the cylinder coutains will remain pent up ; and 



THE SLIDE DU6RAM. 19 

as the piston continues to moy^ downwards, the steam 
relaxes its force, iand we trace a corresponding depression 
in the diagram from C to D. But a still greater change is 
to be expected before the piston arrives at its lowest 
place. Ere tliat happens, the slide will have come into 
the position shown by Fig. in. : for it is found to be dis- 
advantageoils to. allow the steam to be kept in the cylinder 
till the end of the stroke ; because the entering steam at 
the reverse stroke would meet with so much opposition, 
till the vacuum on the opposite side had become tolerably 
good, that the equability of the motion would be much 
affected. This being granted, we see that the port will 
be open for eduction before the end of the stroke : con- 
sequently a rapid fell in the curve takes place at D. 
Moreover, the slide continues to fall, not only after the 
piston has come to the bottom, but evidently during the 
greater portion, of the up-stroke : although, after a very 
short interval, from the great rate at which the steam 
rushes into a vacuum, the state of the vacuum is nearly 
unaltered, and but little different from that in the con- 
denser ; hence, after turning the right-hand corner, the 
pencil runs nearly horizontally. At jP, however, the slide 
has returned to the position represented in Fig. in. and is 
rising ; the pistoi;! is also rising and near the top ; conse- 
quently the steam that has not yet made its escape, is pent 
up ; and becoming more and more compressed, the pencil 
rises rapidly, till, the fresh steam entering, it starts up 
suddenly to -4, and retraces the curve. A similar expla- 
nation will account for the bottom diagram. 

The slide diagram. 

This diagram is one in which the Indicator-string is conr 
nected with the cross-head of the slide, and not with tha^ 
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df the piston ; so that the horizontal motion of the pencil 
backwards and forwards corresponds to ascents and de- 
scents of the slide, and^vice versd. And this process will 
give us many particulars of the slide, without the trouble 
of taking the engine to pieces for measurement. If the 
Indicator be in connection with the upper end of the 
cylinder, it will give us information of the upper slide- 
face; and if with the lower end, of the lower slide-face. 
As was before stated, the string must be connected with 
some part having the motion of the slide ; but generally 
it will be necessary to reduce the motion, because the 
stroke of the slide is more than the Indicator-barrel will 
allow; in small ^engines, such as that of the Bee^ it may 
be attached to the cross-head direct. As was remarked, 
so long as the barrel is moving from left to right, the slide 
is rising ; and when moving from right to left, it is falling ; 
and any rise or fall of the pencilled line is due to the 
variation in the steam-pressure, as in the common diagram. 
The diiFerence in the two cases, then, simply amounts to 
this: that in the common diagram we have changes of 
pressure corresponding to the motions of the piston-rod^ 
and in the slide diagram we have changes of pressure cor- 
responding to the motions of the slide-rod^ the horizontal 
movement in both cases being similar; so that in reading 
off either a cylinder or a slide diagram, the laws of motion 
are precisely the same ; and therefore, this once understood, 
there is no difficulty in reading or comparing both dia- 
grams ; and the important thing to notice is, that every 
sudden change of pressure refers to some prominent epoch 
in the slide's motion; and consequently we are enabled to 
trace successively on the paper the various positions of the 
slide from its lowest point as it cushions the steam, allows 
fresh ingress, etc., and finally arrives at its highest point. 
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Below is a slide diagram, obtained by connecting the 
string to the slide cross-head of the engine of H. M. S. 
Bee* The whole length of the figure is the same as the 
travel of the slide. If not, a method must be adopted to 
he afterwards explained. When the pencil is at rf, the 
siitle is at the lowest point, and the vacuum is very good, 
as the slide rises till the pencil comes to e ; but since we 
know A priori, that the vacuum remains good in the en- 
gine till the cushioning commences, therefore when the 
slide has risen from d to e, the cushioning commences, 



and continues as the slide rises till the pencil arrives at,/J 
whe <i fresh steam enters, and after this epoch the slide 
still rises till the pencil has reached the point A. As the 
uppiir line is not so marked in its character as the lower 
one. we shall not say any thing of the downward stroke. 

* The reodec will perceive that iu this diagram the steam is of higher 
pr^asnre th»n that in p. IS. This is oansed \>j a new boiler having beaa 
Introdnced into the vbesciI, whiob Is loaded to 10 lbs. 
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Through the points rf, ^,/, etc., draw the vertical lines Ad^ 
Be^ Cf^ Dh^ cutting the atmospheric line in A^ B^ C, D, 
and the horizontal line EH in JS, JP, G, H. Suppose EH 
to be the nozzle of the steam-port, on which the face of 
the steam-slide moves (the cylinder being for convenience 
of illustration supposed to be lying horizontally). Then, 
since when the pencil comes to e the cushioning com- 
niences, F must be the upper edge of the port. Take 
FP equal to the depth of the port (which we will sup- 
pose known). Again, since when the pencil is at d the 
slide is at the lowest, therefore we must suppose it to have 
started from E\ and consequently, at starting, the upper 
edge of the slide was below the lower edge of the port, 
the space FE, When the upper edge of the slide arrives 
at G, fresh steam enters ; in other words, the lower edge 
of the port is at JP, and therefore the depth of the slide- 
face is P G. Moreover, since the slide still rises through 
the space JETG, HG will be the greatest amount of opening 
for steam. The successive positions here spoken of are 
laid down in the figures under the line EH. FP is the 
depth of the port. In I, the slide is at its lowest; in 2, 
the cushioning is commencing; in 3, the steam is about to 
enter; in 4, the slide is at its highest. 

To reduce the motion of the slide when too great. 

When the travel of the slide is greater or less than the 
breadth of the diagram, let HE be the breadth of the dia- 
gram, as in the last paragraph ; from H draw JETP, making 
any finite angle with HE^ and equal to the travel of the 
slide. Join PJS, and through JP and G draw FQ, GJB, 
parallel to -BP, and then proceed with the line HP. as in 
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the last paragraph with the hne .^^, considering Q to be 
the upper edge of the steam-port, etc. 



To explain how an alteration in the length of the gab-lever 
affects the diagrams. 
If the gab-lever be 'shortened, the travel of the slide 
will be increased, but the whole motion will occupy the 
same time. Now to see the effect of this on the opening 
and closing of the steam-ports, we will suppose the slide 
in the middle of its stroke, as in Fig. in. p. 18, and rising 
to admit steam to the upper port. Then, ^ince the space 
through which the sUde has to move in a given time is 
increased, it will allow the steam to enter, by assuming the 
position which it has in Fig. i. p. 18, earlier than it would 
have done without the alteration. Also, it follows that the 
remaining portion of the upward motion will not occupy a 
longer time, but that the greatest opening for steam will 
oe increased. Conversely, as the slide goes down again, it 
Mrill take a longer time before the steam is excluded. Now 
since the slide is in the middle of its motion about the 
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same time in both cases, the cushioning will commence 
nearly at the same time ; but because fresh steam enters 
earlier, the lead will be increased ; and because the maxi- 
mum opening is increased, the steam-line will be improved 
and it will be carried further along, for the admission of 
steam ceases at a later period ; finally, the opening to the 
condenser taking place about the middle of the slide's 
stroke, it will be unaffected by the alteration. 'ITie same 
reasoning will show that the vacuum-line is also improved. 
This explanation is exemplified in the following figure. 



which consists of two diagrams, the outer one being that 
in which the gab-lever had been shortened, and the inner 
one ivas obtained by lengthening the gab-lever. A similar 
alteration will take place in the bottom diagram. The 
figure in the next page represents three top and three 
bottom diagrams. The middle one of each represents the 
normal diagram ; the two outside ones those which were 
taken after the gab-lever had been shortened ; and the two 
inner ones those taken after the gab-lever had been length- 
ened. It vrill be seen by this figure, that if any advantage 
be gained in the top diagram by altering the length of the 
gab-levei, the same advantage will be gained in the bottom 
diagram. If therefore it be found that the steam be wire- 
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drawn at hoik ports and there be too little lead, both dia- 
grams will be improved by shortening the gab-lever. 



To explain why the accompanying diagram has a different 
outline from the standard diagram in p. 15. 
We observe, in the first place, that the steam-line, IK, 



is shorter than in p. 15, while the exhaust line, LM, is 
longer than in the latter; we infer, therefore, that the 
steam had a shorter time to come into the cylinder, and a 
longer time to make its escape. We observe, likewise, 
that the engine had made a considerable portion of its 
downward stroke before fresh steam was admitted.* Now 

* We Boe in tbe upper left-hand corner ot this diagram th» luotiop 
narked S in p. IG, whioh does not appear in the normal diagram. 
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these phenomena can be explained, by supposing from 
some cause the slide to be removed bodily below the place 
it had when the former diagram was traced. For let us 
refer to the series of representations of the slide before 
noticed. Thus the point I shows us the steam comes in 
later in this diagram than in the former ; and the valve is 
rising ; consequently its lower edge will be at some point 
lower than it would be in ordinary circumstances. Again, 
the point K of the diagram indicates to us that the steam 
is cut off again sooner ; but the slide is descending ; and 
therefore, also, the lower edge is lower than it ought to be. 
Again, N being too far from the end of the stroke, we see 
that the exhaust takes place too early ; in other words, the 
upper edge of the slide is too low. And lastly, the point 
L (where the cushioning commences) being carried too far 
to the left, shows us that too great an interval elapses be- 
fore the upper edge of the slide reaches the upper edge of 
the port. And, consequently, every part of the reasoning 
proves to us the fact, that the slide is lower than should 
have been the case. Now, in pursuing our inquiries, we 
shall find this is caused by one of two defects, viz. : either 
the slide-^rod t$ too long ^ or the eccentric^od is not cf the 
proper length. But in seeking for the remedy, we must 
look to the slide rod alone, because its length can be more 
easily adjusted than the eccentric-rod, by means of the 
nuts and screw by which it is fastened to the cross-head. 
The derangement of the engine, when the accompanying 
diagram was taken, was obtained by lengthening the slide- 
rod three-eighths of an inch. The projection at the point 
O remains to be noticed, although it would not appear, 
except in exaggerated cases, such as the one before us. 
It will be seen that the cushioning takes place from L to 
O ; and consequently the pencil rises, because the steam 
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is compressed: but the fresh steam does not yet enter; 
and therefore, as the piston descends, this steam, till now 
compressed, loses its elastic force, and tlie pencil drops ; 
till at a fresh supply enters, and the pencil starts up frY>m 
to J, taking a motion compounded of the motion of the 
piston and the pressure of the steam ; for it is to be noticed 
that the line ol bends sensibly to the right ; this arises ' 
from the increasing velocity of the piston, and is not ob- 
servable in the standard diagram, except near the top, be- 
cause the piston is all but stationary during the short time 
the steam is entering. 

The slide diagram also affords great facilities in dis- 
covering disarrangements of those parts of the engine whose 
office it is to permit the entrance and egress of the steam, 
because since at those particular times the motion of the 
piston is so slow, nothing definite can be ascertained. The 
accompanying diagram was taken while the slide was too 
low in the casing, on account of the lengthening of the rod. 



Now since DC is the amount by which the port is opened 
for steam, we should expect this to be smaller than in the 
standard slide diagram, p. 22, and on comparing them we 
find this to be the case. Also the space BA, or the amount 
of travel of the slide before the communication with the 
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coQtlenser is cut off, is greater than in the Btandard -figure. 
In all cases BC will be constant. 

Top and bottom diagrams with the slide-rod lengthened. 

If both diagrams are taken on the same card, the ac- 
companying figure will represent each. The left hand one 
will give the steam and vacuum lines on the upper side of 
the piston, and the right-hand one the same on the Jowei 
side of the piston ; and it will be observed that the former 
iff contracted above and spread out at the lower part, while 
the opposite effects take place in the other. 



Tofnd the nature of the curve, if the slide-rod be shortened. 

The opposite effects to those mentioned in p. 26 will 
■ take place; that is to say, the upper portion of the dia- 
gram will be spread out, and the lower part contracted. 
The effect is shown in the diagram in next page, to obtain 
which the slide-rod was shortened three-eighths of an inch. 

Note. If the whole slide be of the proper length, it is 
clear that when we get a faulty diagram, similar to that in 
p. 25, taken from above the piston, the one taken from 
beneath it will be similar to the annexed figure, and «if* 
versd. Hence, therefore, we see one advantage of taking 
both a top and bottom diagram. But if the one diagram 
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be similar to one of those juat exhibited, and the other be 
satisfactory, the fault lies with the slide itself, and cannot 



be remedied except by the engine-makers ; for the slide- 
faces are not permitted to be cut away or added to with- 
out the sanction of those who are responsible for the ship. 
The only plan the engineer can adopt is, to divide the 
■fault as equally as he can between the upper and lower 
parts, by lengthening or shortening the rod, according to 
circumstances. Moreover, we perceive an engineer should 
not be satisfied that he has done all, when he has obtained 
a good diagram from one end of the cylinder ; because, if 
the fault lie with the slide, he will be improving one to the 
injury of the other. 

The slide diagram which is given below shows very 



dearly that the. slide ,had been raised above the positapn 
it had when the diagram in p. 22 was described. . Fox 
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D C (or the amount of opening for steam) is here increased, 
and AB is diminisiiisd ;'JB C remaining constant as before- 
Comparing the form of this diagram likewise with that in 
p. 27, we see they are very dissimilar, especially in that 
part of the lower curve lying between B and C. The 
steam-piston evidently comes to the top of its stroke about 
half-way between B and C, and in the diagram, p. 27, it is 
observable by the downward course of the curve that fresh 
steam is not admitted till the piston has descended some 
small space. But this peculiarity is not to be seen in the 
above figure, because the cushioning and lead are- blended 
together. 

Top and bottom diagrams with the slide-rod shortened. 

In this diagram the left-hand figure is spread out on 
the steam-line and contracted in the vacuum-hne, while 
the opposite effects take place in the other. 



The effecton the diagram, tf the stop on the eccentric be too 
far advanced. 
All the motions of the slide, whether up or down, take 
place sooner than ordinary : that is to say, the cushioning, 
the introduction of frenh steam, the cutting off, and tbe 
'exhaust, all commence sooner. The curve, therefore, in- 
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Stead of being like the standard diagram (p. l5), will 
assume somewhat of a lozenge-shape, the upper left and 
lower right comers being acute-angled, and the other 



two obtuse, as in the above diagram. Again, a little 
reflection will enable us to discover that similar defects 
will be exhibited in the lower diagram under these cir- 
cumstances, and not opposite defects, as was the case when 
the slide or eccentric-rod was at fault. 
' Obs." This curve was obtained by inserting a piece of 
iron, half an inch thick, between the stop on the eccentric 
and that on the shaft. 

Top and bottom diagrams with the eccentric stop advanced. 
Since similar effects take place here under these circura- 



Btances, the two curves will be similar and facing each 
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Other, and will be represented by the foregoing dia- 
gram. 

To ascertain, by inspecting the diagram, if the stop on the 
shaft be not sufficiently advanced. 

If the stop be not sufficiently advanced, all the motions 
of the slide will be later than they would be in a well- 
constructed engine ; consequently, all the upper part of the 
curve will be drawn towards the right, and all the lower 
part to the left. And, as in the former case, the same dis- 
tortion will be observable if a diagram be taken from the 
lower part of the .cylinder. Morever, if the defect be 
great, we shall meet with the hump in the lower left-hand 
comer, similar to that before noticed. The following dia- 
gram was taken after removing back the stop on the shaft 
seven-sixteenths of an inch.* 



Top and bottom diagrams with stop of eccentric put back. 
From what has been previously stated, the reader will 



* The atop of one engine majr be pnt back vitb sdvant^a If the other 
•ngliie be disabled ; for \yj so doing it will be aesisted in turning Un oen- 
tKB, from the iteam being carried farther over the diagram. 
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see that the accomnanying diagram will correctly represent 
this lase. 



1 



Slide diagrams with eccentrtr stop wrongly placed. 
The two following curves represent respectively the slide 
diagrams taken when the stop was advanced and put back 



respectiTely; and the spaces AB, BC, CD, in each of 
these are the same as in the standard figure, p. 22, the 
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only difference being in the form of the curves arising from -. 
the altered position of the piston relatively to the slide. 

The vature of the diagram when the portttays of the cyUn- 
der or the steam-pipe are too small for the size of the 
cylinder and the speed of the piston. 
Since the steam will not be able to enter or escape so 
freely as it ought, the pressure at first entrance will not 
be maintained for any length of time, and the vacuum will 
not be formed rapidly enough ; the steam and vacuum lines , 
will therefore lose their horizontality ; as is readily per- 
ceived in the diagram here given, which was taken from 



one of our large engines, afterwards improved by shorten- 
ing the gab-lever.* 

Diagram obtained when the steam is throttled. 

The upper line will rapidly decline, for the same reason 

that it would if the steam-pipe or the port were too small ; 

and it will not be so high altogether as in ordinary cases. 

ITie vacuum-line, however, will be better than it would 

* Tb'e reader will observu that this diagram dlfferH froiu. the preceding top 
diagrams b^ being turned end for end; but this dependii on th«i va^inwbloh 

the itrlng is led to the engine, and need not be noticed. 
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otherwise be ; for since the quantity of steam admitted is 
not so great, the speed of the piston will be reduced. But 
the exhaust-port is of the same size whether the steam be 
throttled or not ; and therefore there is more time for the 
expanded steam to rush through this orifice into the con- 
denser; and consequently the vacuum-pressure in the con- 
denser and in the cylinder will be more nearly equal, and 
better in both, than when the full power is set on. 

Note. When the pressure declines throughout the 
stroke of the engine, as it does in the foregoing diagram, 
on account of the contraction of the admitting orifice, tlie 
steam is said to be " wire-drawn." 

The accompanying diagram represents three diagrams 
taken from the Bee^s engine, the steam being throttled to 
various degrees. 



On the form of ike diagram lehen the expansive gear alone 

is used. 

Let AB represent the whole length of the cylinder; and 
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when the piston has traversed the space AC, let the in- 
gress of the steam be suddenly stopped. Then, from thi8 
opocli, the Bteam-pressure will decrease, and the pencil be- 
f.'in to descend. Now if the temperature of the steam be 
unaltered, the pressure will vary inversely as the space it 
occupies. Divide, therefore, the space CB into intervals 
CF, FG, etc., each equal to AC; and therefore when the 
piston is at F, the space AF being twice AC, the pressure 
of the steam at J* is half that at C; at G it will be one- 
third; at Hone-fourth, etc. ; and if lines be drawn through 
C, F, G, etc., parallel to AD, and of the length we have 
just indicated, making CE= AD, FL = hB\( AD, etc., nnd 
through the upper extremities of these lines a free curve 
LMN, etc., be traced, it will give us an idea of what we 
ought to expect. But since the slide-valve also acts, we 



shall have the modification this would produce too; for 
ihe slide-valve is placed between" the expansive- valve and 
the cylinder; it follows, therefore, that the effective volume 
of the steam intercepted by the expunsion-valve is the 
whole of the space between it and the piston, and the . 
slide-valve interposes an additional barrier when it begins 
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to cut off the steam.* The case, therefore, is somewhat 
similar to what it would be if there were two expansion- 
valves, one nearer to the cylinder than the other, and the 
outer one acting first. This figure exhibits a series of 
diagrams representing various grades of expansion: here 
gives the full power of the steam without using the ex- 
l>ansion gear ; 1, that produced by the first grade of ex- 
pansion; 2, that produced by the second grade; and so on. 
It is worthy of remark, that the diagram marked 0, which 
is that resulting from the slide-valve, closely assimilates to 
that marked 1, produced by the first grade of expansion, 
as it should do in well-constructed engines. 

Top and bottom diagrams ivhen working expansively. 
The two curves will fiice each other, as in the former 
cases, and will be represented by the accompanying dia- 
gram where the highest grade of expansion is used. 



The above expansion-diagrams, taken from above and 
below the piston when working on a high grade of expan- 
sion, serve to show the amount of disturbance in the 

* Bzo«pt in «Dgii]as littttd with Saaward's slidaa. 
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Steam-line of the two diagrams which is due to the obli- 
quity of the connecting-rod ; and they are of great value 
in that respect, because they show what error is due to 
that cause alone; whereas in the diagrams exhibited in pp. 
16, 17, and explained in p. 45, the eflFect is due partly to tlir 
connecting-rod and partly to the same cause acting throu<)[li 
the eccentric-rod. Now, in the case of expansive working, 
the action of the eccentric-rod is superseded by a cam, 
which shuts the expansion-valve at a certain period of the 
rotation, both in the up and down stroke ; or, in other 
words, the valve will close when the crank makes the 
same angle with the vertical line, both in the up and 
down stroke ; and since, by inspecting the above diagrams, 
we see that a greater portion of the stroke has been per- 
formed in the one case than in the other, this shows most 
convincingly the influence which the obliquity of the con- 
necting-rod exerts in disturbing the diagram. 

To show the advantage, of expansive working over throttling. 

The advantage gained will depend on the quantity of 
steam required to produce a given eflfect, or on the effect 
produced by a given quantity of steam. Let us, there- 
fore, consider each of these cases separately ; . and firsts 
taking the effect to be the same, let us compare the quan- 
tities of steam. Now the effect will be the same if the 
number of revolutions be the same. Let, then, in the first 
place, a diagram, such as ABCD^ be taken when using 
the expansion cam ; and let the number of revolutions be 
counted, which in this instance was 24. Then, instead 
of using the expansion gear, let the throttle- valve be 
partially closed till the number of revolutions be the same 
as before, viz., 24 ; then take a diagram such as EFGD. 
Now we remark that the quantity of steam used during 
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each stroke may be estimated by the heights of the curves 
at the points C and G, where the eduction takes place ; 
because these heights exhibit the final pressure, and con- 
sequently will give us some idea of the amount. There- 
fore, because the diagrams show that the engine consumes 



a cylinderful of steam of greater pressure when the steam 
is throttled than when working expansively, it must have 
consumed a greater quantity ; and since the number of 
revolutions of the engine is the same as before, it follows 
that the work done is the same. We come, therefore, to 
the conclusion, that, in order to do the same work, an 
engine will require less steam when woikiiig expansively 
than when using the throttle- valve. 

Next, after the expansion diagram has been taken, let 
the throttle-valve be partially and gradually closed, till the 
points C and G (of tlie former diagram) coincide, as in 
the following curves.* Then the final pressure of steam, 
and therefore the quantity expended for each stroke of the 



* Some ore will be reqalaite to etteol this. The readiest pinji U to uut to 
ft point the end of the pencil whicii do«» not eontain lead, and liaviug iii- 
■erted it in the InBtrauieut, trace out with it a blind oarve on the paper, and 
when WB Bee thiR curTe ooincidp Kith the otbur, we maj change onda with 
the peuoil, and trace out the throttle carve. 
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engine, will be the same : but it was found on making 
the trial that the number of revolutions with the expan- 
sion curve being 24, the number was only 19'6 when the 
other cur^'e was traced. Now, although it may be argued 
th&t the number of revolutions being different the quantity 



of steam used in a given time will not be the same, yet as 
there is such an excess of preponderance in the revolutions 
when working expansively, we may safely conclude that, 
if the same amount of steam in a given time had been used, 
the revolutions, and therefore the work done, by expan- 
sion would have exceeded that done by throttling. 

The general outline of the diagram may appear satisfactory 
notwithstanding the engine is not in good working order. 

This may happen, because in the hands of an inexpe- 
rienced person the Indicator may trace an nniaithful re- 
presentation of the condition of the engine. When the 
piston is near one end of its stroke, if an undue strain be 
brought on the string, it will stretch, and the Indicator- 
barrel remaining stationary while the steam is entering 
the pencil will have a vertical ascending motion, such as is 
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represented in the figure. On the other hand, if the barrel 
come back against its stop before the opposite stroke is 



accomplished, the pencil will fell vertically, as in the next 
figure. These two figures ought to have been precisely 



flimilar, the only cause of difierence being the accident of 
the string. 

On the series of steps in the upper right-hand comer of the 
accompanying diagram. 



TRB INDICATOR. 



These arise from the pietton of the Indicator being 
])acked over-tight, on which account it descends by a series 
of jerks, as the steam-pressure relaxes. 

To explain whjf, in certain caseSy the steam-line (when the 
expansion gear is used) does not descend so rapidly as in 
the theoretical curve traced in p, 85. 
This will be the case whenever the expansion-valve is 

leaky, as it was when the accompanying diagram was taken. 



As, for instance, in all cases where the common throttle- 
valve is used for an expansion-valye. 

To ascertain the horse-power of an engine bg means of the 
Indicator. 

This is the only accurate way of ascertaining the power 
of an engine ; because, as may be seen, the diagram gives 

f 
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the pressure on the piston ; and hence, knowing the num- 
Wr of revolutions and the length of stroke, the laboring 
fttrce can be ascertained. The mean pressure on the piston 
is obtained as follows: Divide the diagram by a series of 
equidistant vertical lines, as in the figure* (the closer the 
better, where great accuracy is required), and, taking the 
horizontal line marked as the origin, draw a series of 
other lines parallel to it at distances equal to the intervals 
corresponding to the scale of pounds on the Indicator. 
This being accomplished, if our object be only to form an 
estimate of the gross power, observe in the middle of each 
vertical space the number of pounds included between* 
the steam and vacuum lines to tenths, which will be best 
done by taking the distance with a pair of compasses, and 
setting it off on the scale of pounds. Write these in their 

* Sin^o it la a, dlfflcnU g«oia«trlcRl opKrAtlon to divide r lini^ into a grest 
number of eqoal pnrtH oith an; thiug like ■oaDraoj', the folloiTiDg mullipd 
lusj bt* ntoful in Hzptditing this part of the nork, by ueanB of a scalu. 
The scale consiatn of s line, ench as AN, somewhat longer than the Iti.e 
AB, which is Id be divided. Let this soale be divided into the reqcisile 



naoiber of equal parts, M in the flgnre. Piz one end at A, and tnm it 
round that point till the other extremity N coinuldea with the IIihi NB, 
drawn throngh B at right angles to AB. Then through the several points 
of division ot AN draw lines, parallel to NB, cutting AB in the points a, 
h, e, J; whloh will be the points of division ri>qnired. To those who are 
frequentlj in the habit of competing the hone-power of engines from the, 
diagrams, this method wilt be found very advantatfeoas. 
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proper columns, as in the figure, along the diagram, and 
add them together Then divide the gross result by the 
number of columns, and we obtain the gross average pres- 
sure on the one side of the piston during the up and down 
stroke. From this it is usual to deduct from 1 lb. to 1*5 lbs., 
according to the size of the engine, for friction ; for small 
engines have more friction in proportion than larger 
ones ; then the result is taken as the effective pressure per 
square inch, acting uniformly during one whole revolution. 
T^ke now the diameter of the cylinder in inches, and 
square it ; then multiply the product by "7854, the yesult 
is the number of square, inches in the surface of the piston. 
Multiply this again by the pressure per square inch, as 
got from the Indicator, for the whole pressure in pounds 
on the surface of the piston. And if this be multiplied 
by the length of a double stroke, and finally by the num- 
ber of revolutions, we shall obtain the work done by the 
engine. It is usual to divide this quantity by 33,000 (sup- 
posing this to be the number of pounds a horse would be 
able to raise one foot a minute) ; and the quotient is then 
called the horse-power of the engine. If there be two 
engines, as is usually the case in steamers, this quantity- 
must be doubled. (See note, p. 45.) 

Where accuracy is required^ a diagram should be taken 
from the top and bottom of the cylinder. 

The diagram taken from the top of the cylinder shows 
only the pressure and vacuum on the upper side of the 
piston, and therefore cannot indicate what is going on be- 
low the piston. If our object be merely to calculate 
approximately the horse-power of the engine, and it be in 
tolerably good working condition, it is not of much con- 
sequence whether the diagram be taken from above or be- 
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low ; but if the horse-power is required with any great 
accuracy, the mean result obtained from the top and bot- 
tom diagrams must be used. If the actual state of the 
engine be required, it is necessary to examine into what 
is passing both above and below the piston, because the 
errors in one part may have no connection with the errors in 
another. This will be the case if the slide is too long or 
too short ; in which case the upper port may be properly 
covered, and the lower one not so ; or the upper slide-face 
may be steam-tight, and the lower one leaky : but if the 
Indicator be applied to top and bottom, it will detect all 

Note. Ex, In the preceding diagram, let the number of revolutions be 38, 
and therefore the ni;imber of single strokes 76. 

Then, since diameter of steam-cylinder = 20 inches, 
.'. Diam.* = 400 

.7854 



Area = 314*2000 sq. inches. (See table at end of this work.) 
But pressure of steam by diagram = 15*051bs. (with old boiler.) 
Deduction for friction = 1*50 



.*. Effective pressure per inch 
Square inch in piston 


« 13-55 
= 314-2 




2710 
5420 
1355 
4065 


Pressure in lbs. on piston 
Length of double stroke 


= 4257-410 
4 


No. of revolutions 


17029-64 
38 




13623712 
. 5108892 


33:000)647!12a'32 



19§ horse-power. 
The horse-power is now nearly double this amount, because the erapora' 
tire power of the boiler has been increased. 
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these inaccuracies, and prevent our attempting to improve 
the working of one side to the detriment of the other. It 
ought to be remarked here, that in direct-action engines 
the diagram from below the piston is generally superior 
to the other. First, because, since the steam has more 
work to accomplish, the piston does not run away from the 
steam so readily, and in consequence the steam-presaure 
is better maintained ; and there is generally a little more 
lead to the slide, to allow a freer ingress to the steam. 

There is also another reason why the one diagram is 
freqiiently better than the other. If the reader will in- 
spect the various top and bottom diagrams previously 
given, he will perceive that the former is always superior 
to the latter. It is invariably the case with the side-lever 
engines, or engines in which the mo- 
tion is transmitted to the crank in an 
indirect manner ; is, for instance, 
Maudslay and Field's or Ravenhill and 
Salkeld's, return-rod engines. But 
with direct-acting engines the opposite 
to this takes place ; for with these the 
bottom diagram is superior to the top. 
We will first explain the cause of this 
difference in the case of direct-acting 
engines. To make the case simpler, 
let us suppose the lap to be fitted on 
the steam side of the slides, so as to 
cut of the steam when the crank has 
gone through 90° from the top and 
bottom centres respectively. Put the 
piston AB at half-stroke; CD being a 
section of the cylinder: and let OE, 
EF be the corresponding iwsitions of the ci-ank and con- 
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necting-rod ; the crank making necessarily a small aoute 
angle, EOG, below OG : and consequently the steam will 
not, by our supposition, be cut off till the crank has gone 
through the angle OEG, or until the piston has risen into 
some position HK above the middle of the stroke ; the dis- 
tance DK., therefore, will be performed by full steam, and 
the remaining distance KP by expansive steam. And 
therefore the diagram for the up-stroke will be fairly 
represented by a figure such as MNIPD. Similarly, in 
the down-stroke the diagram will be represented by 
CHRM\ and therefore in the case we have supposed, viz., 
%vhen the steam is cut off after 90° have been performed, 
the bottom diagram is better than the top. But this sup- 
position was only made to render the explanation more 
simple ; for the same thing will happen if the steam be cut 
off after any other angle has been performed. The same 
thing may be represented as follows : Let OJB, OB' be the 
crank in two positions, making the same 
angle.BO^,-B'OCwith the vertical. Let 
also BC B'O be the connecting-rod in 
its two corresponding positions of the 
connecting-rod with centres OCO ; de- 
scribe the arcs AB, B'C, BE, B'B. 
Then it will be found in all cases that 
the distance CD through which the con- 
necting-rod has de8cended= ^£(the dif- 
ference of the versines of the arcs AB 
■And BE); but that CJ^, the space through 
which the point O has been raised,^£'C 
(the sum of the versines of the arcs B'K 
and B'C). 

Moreover, it is clear that in side-lever and return-rod 
engines we must reverse the conclusions to which we have 
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here arrived, because as the crank is descending, the piston 
is rising instead of billing with the crank. 

A diagram representing the relative motions of the sUde and 
piston at every part of the stroke. 
If we shut off all ingress of steam to the Indicator by 
means of the stop-cock m (see Plate), and connect the 
piston of this instrument with any of the moving parts of 
the engine, it will give a representation of the motion of 
that part. Let, therefore, the Indicator-piston be con- 
nected, by means of fair-leaders, or otherwise, with the 
slide ; all vertical ascending motions of the pencil will 
represent the motions of the slide (being upwards or down- 
wards, according to circumstances). Again, let the Indi- 
cator-barrel be connected by means of its pulley D with 
the cross-head of the engine, as in all ordinary cases. It 
will hence follow, that horizontal motions of the pencil 
will represent the motions of the steam-piston ; and con- 
sequently, the curve traced out will represent the relative 
motions of the slide and piston. The figure %vill be of an 
elliptical appearance, as in the accompanying tracing, 



which is one of these curves on a reduced scale: the pencil 
being supposed to move in the direction of the arrows. 
The chief information to be gained from this curve is de- 
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)isto: 



rived from the means it gives us of ascertaining at what 
portion of the stroke the steam is cut oflT. For that pur- 
pose, let the engine be brought to rest, when on its upper 
^"^ centre, and make a mark (as at A) where the pencil is 
stationary ; and again, make a mark (as at jB) where the 
i pencil remains when the engine is on the bottom centre. 

(t Through A and B draw horizontal lines, AC^ BD^ the 
of whole length of the figure. Then -4 C representing the 
of down-stroke, Ac will give us that part of the down-stroke 
311 performed before the steam is cut off; and, similarly, Bd 

b will represent the same portion of the up-stroke. This is 
iii evident, because neglecting the lead of the slide, and sup- 

n posing it to be correctly set. it begins to open at A and 

j closes at c, opens again at B and closes at d. 



!t 
'I 



To Jind^ separately^ the value to he given to the steam and 

vacuum pressures. 

To obtain this, we must get the actual pressure, and not 
the difference of pressure between the steam and vacuum 
lines. And therefore we might measure the height of the 
spaces above the atmospheric line, and the depth of the 
vacuum below it. But, in regard to the steam-line, a dif- 
ficulty has to be surmounted which would not easily be 
got over by practical men unaccustomed to analytical in- 
vestigations. It is this: that part of the steam-Une is 
usually above the atmospheric line, and part below it; 
and the result of the one must be subtracted from the 
results of the other. This is more particularly to be 
noticed in cases where the engine is working expansively, 
and a great portion of the steam line is in consequence 
below the atmospheric line. The following suggestion 
will, however, get over the difficulty: and consider the 
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atmospheric line, as in the following Bgure, to be 15 Iba. 
(which is its actual pressure), and reckoning downwards, 
call the Unes below it 14, 13, etc., till we come to 3, 2, 1, 

*i 

I 
1 

: the line marked we will assume as that line from 
which the pressures are measured, and both the steam and 
vacuum line will be above this new zero line ; and the 
actual pressure of each will, by these means, be ascertained, 
and not the relative pressure, as compared with that of 
the atmosphere. In the preceding diagram this second 
method of computation has been performed ; the numbers 
on the left-hand side beginning from the absolute zero, and 
the figures along the top and bottom of the curve giving 
the steam and vacuum pressures respectively. The mean 
of the steam-pressure is 18-85 lbs., and of the vacuum 3'8 lbs. 
The difference is lo'OS, as we obtained before. 

To estimate the work done in a single stroke of the engine. 
Let us suppose the piston to be descending ; then the 
steam-pressure acts above the piston, and the vacuum- 
pressure below the piston; that is to say, the steam-pres- 
sure must be got from the top diagram, and the vacuum- 
pressure from the bottom diagram ; and we must, there- 
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fore, make use of the method proposed in the answer to 
the last question. Thus, to obtain the mean pressure 
during the down-stroke, take the steam-pressure from the 
top diagram, and the vacuum-pressure from the bottom 
diagram, and subtract the latter from the former. Again, 
to obtain the pressure during the up-stroke, take the 
vacuum-pressure obtained from the top diagram, from the 
5^^a7»-pressure got from the bottom diagram. This is the 
only correct method of arriving at the work done during 
the down and up strokes respectively. 

Method of employing the Indicator for ascertaining the 
quantity of water evaporated by a boiler. 

Fix on any convenient part of the steam-line between 
that point where the steam is cut off and the opening is 
made to the condenser; that is to say, between the points 
C and D of the diagram, p. 15. Observe, by counting the 
vertical spaces, what proportion the portion of the stroke, 
as far as this point, bears to the whole length of the stroke. 
Notice also the pressure of the steam at this point. Then 
we shall have a certain fraction of the cylinder filled at 
each stroke with steam of a given pressure. If now the 
cubic contents of the cylinder be determined, and the 
number of times the cylinder is filled per minute, we shall 
have the quantity of steam of known pressure supplied to 
the engine per minute. Thus suppose that in the Bee ^j^ 
of the cylinder were filled with steam of 15 lbs. pressure; 
then, since the number of cubic inches in the cylinder 
twice filled is 15079*6, the number of revolutions being 
34 at the time of experiment, the whole number of inches 
in a minute = 512526-4, A x 512526-4 = 46127376, and 
the number of cubic inches of atmospheric steam in an 
hour = 461273-76 x 60 =27676425-60. But each inch of 
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water is supposed to form 1711 cubic inches of steam at the 

atmospheric pressure, and therefore the number of cubic 

27676425-6 
inches of water evaporated = yf\\ — = 16175 ; and the 

16175 
number of gallons of water evaporated = .^nn == 58 nearly. 

Now, if the theory be correct, this should be the quan- 
tity of water evaporated from the boiler, due allowance be- 
ing made for condensation, etc., in the steam-pipe and 
passages. But this is far from being the case, for the 
number of gallons actually evaporated by the boiler was 
ascertained to be 108 gallons in the hour. The reason for 
this appears evident. From the violence of the ebullition, 
the steam is in all likelihood not so dry as that on which 
careful experiments are made, as is frequently made mani- 
fest in the boilers that " prime ;" so that, even in good 
boilers, we may conclude that the steam contains much 
more watery vapor than it would if it were not so rapidly 
consumed. If so, an inch of water would not under these 
circumstances form 1711 cubic inches of steam under the 
atmospheric pressure, and might perhaps form only one- 
half that quantity, which would be requisite to give the 
proper number of gallons of evaporated water. 

To ascertain the friction of a Steam-engine when working 

without any load. 

If we examine the effect of any machine at work, how- 
ever simple, we shall find a certain amount of power is 
requisite to overcome the friction of the engine itself. 
Divest, for example, a common crane of its chain, or any 
load that may be upon it, and it will still be found that 
some force mi;st be applied to give motion to the gearing 
alone; the amount of force depending on the materials 
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used, the mode of fitting, and the quantity of gear set in 
motion. So it is with the Steam-engine. A certain amount 
of power is required to overcome the friction of all its 
parts ; and in this respect no two engines will be found 
alike, so much depending on the goodness of the work- 
manship, and the nice adjustment of the different parts. 

Before proceeding with the method of ascertaining the 
friction of an engine by the Indicator, we would observe, 
that the greatest care and judgment are requisite in carry- 
ing out this experiment ; let no one attempt it unless he 
see his way clearly; and there are many classes of engines 
in which the experiment ought not to be tried, such as 
direct acting paddle-engines; indeed, in all unbalanced 
engines it would be attended with serious risk, by giving 
the engine enough steam to work it without its load. 
But it may be carried out satisfactorily and safely in hori- 
zontal engines, because their weights and resistances are 
balanced. The way, however, to proceed is this: the 
communication-vahe must first be closed, because the 
engine requires an exceedingly small quantity of steam to 
work it when the paddle-wheels are disengaged. Then 
let the blow-valve be opened, to allow any steam that may 
happen to be in the steam-pipe to escape. The more the 
vacuum is vitiated before commencing the experiment, 
the safer it will be ; for there is less liability of injury to 
the engine when first set in motion. With the engines of 
H.M.S. Bee^ it is found necessary to destroy the vacuum, 
before getting the diagram, by opening the blow- valve, to 
prevent the .engine flying off at too great speed. The throt- 
tle-valve must be closed, and the paddles disconnected. After 
slightly opening the communication and throttle-valves, 
the slide may be opened gradually and cautiously, to admit 
the steam to the piston, and the injection must be let on 
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as, carefully as possible. Work the engine a few strokea 
by l;iand, and then let it be thrown into gear, and regulate 
the working by the throttle and communication-valves; 
the object being to give the engine the same number of 
revolutions without the paddles as it usually has with 
them ; taking care to have the condenser of the same tem- 
perature as in the ordinary working state of the engine.* 
The Indicator having been previously fixed and adjusted, 
let a diagram be taken : it will be widely different from 
that when the load is on. Both the steam-line and 
vacuum-line will be much below the atmospheric line. 
The diagram may then be taken off, and divided as in the 
former case. Let the result of this diagram be worked off 
in the same manner as the common diagram, and tlie 
amount is the work the steam has performed, or in other 
words, the friction of the unloaded engine. This has been 
accomplished in the subjoined diagram. 



* We would stronglr advise the JnssTtion ot the bnib of a thermometer 
in the ooiideoBer of Bveij engine, in ftddition to the ha rometer- gauge. The 
balb miisl be entirely nilhin the condenser, and the soale (at leait that part 
nf it which ia above 5CK> or 60°) ontside, in the engine-room. The thermom- 
eter ohoHen for the purpose must be graduated higher than the tempera- 
ture of the steam in the boiler, otherwise it will burst when the engine is 
blown through. It must be placed on some part acted on freely by the 
•itHam, but free from the splash ot the injection -water. When the engine is 
free from air it will then serve as a moat delicate test of the raounm. The 
temperature preserved should be about lOOO. 
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This is what is commonly subtracted from the gross 
result obtained under ordinary circumstances, and denom- 
inated friction ; but it is manifest that it is much less 
than the actual friction of the engine when turning the 
wheels ; for the friction of every machine increases with its 
load ; and, moreover, the injection water, etc., raised by the 
air-pump, increases likewise, and all this goes under the 
head of friction. The friction of large engines is less in 
proportion than that of smaller ones. In large engines it is 
usual to allow 1 lb. on the square inch of the piston for 
friction, and in small engines from 1 '5 to 2 lbs. ; and in 
most cases it would \)e better, except as a matter of ex- 
periment, to trust to this than to attempt the difficulty of 

ascertaining it. 

* 
The diagram does not necessarily return into itself^ and 

form a closed Jigure, 

This only happens because the Indicator-barrel contains 
the spring which, as has been stated, draws back the barrel 
directly the string relaxes. But we can by a different 
arrangement produce a figure of some vaUie, in which the 
curve proceeds continuously in one direction, and which, 
therefore, we shall call the " continuous diagram.'' Let 
the spring, fitted to the traversing cylinder for bringing it 
back, be taken out, and also the stop that prevents the cyl- 
inder from going too far ; because our object is to let the 
barrel revolve freely. The clasp, by wh\ch the paper is 
usually secured, must also be taken off, and the paper must 
be secured by turning it over the top of the cylinder, and 
be folded in such a manner that the pressure of the pencil 
will help to keep it down. Let now some part of the 
engine be selected where a double pulley may be fitted to 
revolve one groove of the pulley having about the same 
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diameter as the pulley attached to the barrel, and the other 
to the diameter of the paddle-shaft. A string must be 
passed round this latter pulley and the shaft, and they will 
revolve in the same time. Another string must be passed 
round the pulley of the barrel and the smaller of the two 
pulleys ; and then the Indicator-barrel will revolve nearly 
in the same time as the engine shaft. And if we suppose 
the shaft to be revolving uniformly, which it will be nearly, 
especially where there are two engines, the barrel mil 
have a uniform motion in one direction. If the pencil be 
put to the paper, as in ordinar)' cases, when the Indicator- 
piston is at the lowest, it will commence tracing its curve. 
It should be allowed to remain for one entire revolution, 
and longer if convenient, provided one line do not inter-: 
fere with the other in going twice over the paper. 

The chief practical utility of the continuous diagram :8, 
that it serves to show the rate at which the steam-pres- 
sure increases or decreases. Looking at the continuous dia- 
gram, Plate I. Fig. 2, we observe that the steam-pressure 
does not arrive at its maximum instantaneously, as maiiy 
suppose, and as the normal diagram, p. 15, would XesA us 
to believe. The vacuum commences at D and continues 
to JE, the cushioning from -E to -4 ; the fresh steam enters 
at A^ and causes the pencil to rise till it reaches its highest 
at 5. 

To eocplain why the first diagram in j9. 41 is rounded at the 

upper left-hand coimer. 

If we examine this diagram by any of the previous tests, 
we shall find it presents a difficulty not easily surmounted. 
For in eJI former cases we can only correct a defect in this 
corner at the expense of the lower left-hand and the upper 
right-hand corners. As the Indicator persisted in giving 
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this outline, and all attempts according to the foregoing 
principles (by altering the set of the slides, etc.) failed, it 
was atjength proposed to examine the steam-piston itself; 
and accordingly, steam was let in at the lower port, 
and the cock of the grease-cup opened, when it was dis- 
covered that the piston was not steam-tight in the cylin- 
der ; and therefore, although when the engine was work- 
ing the first impulse of the steam sufficed to drive the 
pencil up, yet as soon as the piston had got into motion, 
the escape of steam by leakage did not allow the pencil to 
rise so rapidly as it otherwise would have done. This 
roundness is also observable if the speed of the piston be 
much increased. 

Indicator diagram taken when the engine is worked without 
condensation- of the steam. 
It is evident that no part of the diagram can be below 
the atmospheric line, for the pressure can never be less 
than that of the atmosphere. And since the steam has 
not a free escape into the air, but is obliged to force open 
the foot- valve and delivery-valve, and make its way through 
the air-pump bucket, the resistance it meets with will 
cause the pressure to be greater than that of the atmos- 



phere. Engines whose steam-pressure is not considerably 
greater than that of the atmosphere cannot be worked on 
the high-pressure principle. The foregoing diagram was 
taken from H.M.S. Bee^ whose boiler-pressure at that 
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time was 7 lb«. In high-pressure engines the diagram will 
be similar to the above; because the steam, having to- 
escape by the blast-pipe, is pent up, and causes the lower 
part of the diagram to be above the atmospheric line. In 
general, the steam and vacuum line must be worked out 
separately, by the plan proposed in p. 49 ; for it will be 
observed, that the lines intersect each other in the dia- 
gram. The Indicator for high-pressure engines should be 
made expressly for the purpose ; the scale of pounds should 
have a higher range, but need not go below the atmospheric 
line. 

This curve presents a singular appearance, from the 
steam and exhaust line intersecting. Since the cushion- 
ing begins at the usual place, that is to say, at the same 
part of the stroke as when used as a low-pressure engine, 
the steam pent up on the exhaust side, and commencing 
with a greater pressure than that of the atmosphere, soon 
surpasses that of the boiler, so that when the port begins 
to open, the pressure suddenly falls. Again when the 
entering steam is cut off, the pressure gradually falls, and 
before the end of the stroke it is less than that of the 
eduction ; and when open again to exhaust, steam enters 
from the condenser, and the loop of the right-hand comer 
is formed. 

High-pressure diagram. 

The accompanying diagram, taken from a high-pressure 
engine, exhibits practically what we were led to expect in 
the foregoing article. The vibrations of the spring of the 
Indicator cause the curve to be distorted, and probably the 
lower portion is more sensibly affected from another cir- 
cumstance which we will explain. In these engines, since 
each engine discharges into one common blast-pipe, there 
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will be a reflex action of the waste steam from one engine 
tending to resist the escape of that from the other. The 



effect thus produced is more sensibly manifested when the 
blast-pipe terminates in a contracted orifice or nozzle. 

Diagram obtained when there was no load on the safety-valve. 

The safety-valve of the boiler was kept open so as to 

reduce the steam to the pressnre of the atmosphere, and 

the accompanving series of diagrams was taken at the 



various grades of expansion. It differs from that exhibited 
in the diagram obtained when the injection-water was 
shut off, in this respect, viz., that the whole of the diagram 
in the former case was above the atmospheric line, whereas 
in this all of them are below that line. 
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Air-pump diatom. 
The accompanying diagram is the result of connecting 
the Indicator with the cylinder-cover of the air-pump of 
an engine. It was taken by Mr. Eames, chief-engineer. 



H.M.S. Inflexible, and was kindly given by him to the 
authors. To explain it, let us suppose the pencil to be at 
A when the bucket of the air-pump is at the bottom of its 
stroke, at which time there will be nearly a vacuum in the 
air-pump cylinder. As the bucket is raised with the 
water which it carries, the superincumbent steam becomes 
compressed, consequently the pencil rises, as in the cur/e 
AB. When at some point, B the delivery-valve is forced 
open, and the pent-up steam makes its es'cttpe ; after which 
the pencil drops slightly at C, and exhibits the constant 
pressure of the water as it goes off by the waste-water 
pipe. On the descent of the bucket, since the steam has 
disappeared, the pencil suddenly lalls through DE, and 
continues its course to A horizontally. 



THE DYNAMOMETER. 



This instrument has been introduced into some screw- 
vessels, for the purpose of enabling the engineer to record 
the exact amount of pressure given off by the screw-shaft, 
and, consequently, the force the engine, by means of this 
instrument, is exerting to propel the ship. It is merely a 
lever, or a combination of levers ; the shaft pressing near 
the fulcrum, and the farther end of the lever, or combina- 
tion, being attached to a Salter's spring balance. In the 
diagram, Plate I. Fig. 3, AB is the screw-shaft pressing 
as it revolves against a movable pin which is contained in 
the plomer-block at C, and can slide freely backwards and. 
forwards ; DE is the lever, having the fulcrum at D ; the 
pin at C presses against a knife-edge on the lever, as is 
seen in the figure. The rod EF is connected with, the 
spring of a Salter's balance, which cannot be seen in the 
figure, but is concealed from sight by the cylindrical barrel 
IK ; F is also attached to the rod GH. This rod, as we 
perceive, has several grooves in it, so that the small fork 
carrying the pencil (j)) may be brought in contact with 
more than one part of the barrel in succession if de- 
sirable. 

The barrel is made to revolve by means of a strap oft, 
connecting it with the screw-shaft ; and it will be seen by 
the figure, that there are pulleys of different sizes con- 
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nected with the bulk -head at M, and the shaft at iV, by 
which the motion of the cylinder can be regulated, and 
be made quicker or slower at pleasure. The curve will 
evidently be somewhat similar to the continuous Indicator 
diagram (Plate I. Fig. 2), consisting of a series of undu- 
lations according to the force of the steam and its action 
on the propeller. A zero-line must be got, as in the case 
of the Indicator. When the Dynamometer is applied to 
large engines, the levers can be relieved of the pressure 
of the shaft ; and this being accomplished, the index of 
the spring-balance will stand at 0, when the zero-line 
may be traced. The balance will also give the scale of 
pounds. After the diagram is traced, draw a series of 
equidistant lines at right angles to the zero-line, as in 
Plate I. Fig. 4, which represents a Dynamometer diagram 
taken on board Rattler during her trial with Alecto^ the 
dimensions being reduced one-half. The distance between 
the curve and zero-line must be measured and compared 
with the scale of pounds on the balance. Let this be 
registered on the diagram in its proper space. These 
must be added up, and the sum be divided by the number 
of spaces taken into account. Thus we shall obtain the 
mean force of the lever on the spring of the balance ; let 
this be multiplied again by the leverage of the Dynamo- 
meter, and the result will be the pressure of the screw- 
shaft on the Dynamometer, and therefore on the vessel.* 
To obtain the leverage, if the lever be compound, multiply 
together all the long arms (measuring from the fulcrum), 

* A doubt has been expressed by some whether this is really the force 
exerted by the shaft on the vessel, on account of the shaft acting on a 
lever that yields to its force ; but independently of the fact, that none of 
the thrust can be lost, it is clear that the thrust at C is equal to the thrust 
at D and tbat at E^ and these are the two forces acting on the vessel. 
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and divide the product by all the short arms multiplied to- 
gether (measuring also from the fulcrum). 

Method of obtaining the effective horse-power of an engine 

by the Dynamometer. 

Having found the number of pounds pressure exerted 
by the screw-shaft, multiply it by the speed of the ship 
in knots, and the product by 6080 (the number of feet in 
a knot); then divide the result by 60 (the number of 
minutes in an hour), and by 33,000, and the quotient will 
be the horse-power. 

Or the work may be shortened thus : 

Multiply the number of pounds pressure by the speed 
of the ship in knots, as before, and this product by •00307, 
and the product gives the horse-power. 

This, it will be observed, is the effective horse-power 
after making allowance for friction and loss by useless 
resistance. 

The diagram before referred to will elucidate the pro- 
cess of working out the result. This was taken simultane- 
ously with two others ; and the mean of the three pres- 
sures was 41*309 lbs. Multiplying by the power of the 
system of levers, the result was 8086*4 lbs. (the pressure 
exerted by the screw-shaft). 

The speed of the ship was 9*893 knots. 

Hence 8086*4X9*893=79998'7. 

And 79998X*00307=245 nearly; the horse-power re- 
quired. 

The horse-power by Indicator at the same time was 
465-6, showing a loss of 220*6 by friction, resistance, etc. 
5 
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Temperature by 
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Temperature by 
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2 
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26 
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50 
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3 
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51 
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28 


247-4 
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52 
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4620 


29 
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53 
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6 
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30 
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54 
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7 
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31 
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55 
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8 
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32 
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56 
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9 
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33 
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57 
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10 
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34 
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58 
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II 
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35 
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59 


293-6 
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12 
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60 
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13 
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14 
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711 


62 
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15 
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39 
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16 
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1573 
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i 
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64 
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17 
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41 


270-2 
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18 


222-7 


1411 


42 
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66 


301-2 
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19 


225-6 


1343 


43 


273-2 


635 


67 


302-3 


424 


20 


228-4 


1281 


44 

1 


274-6 


622 


68 


303-3 


418 


21 


2311 


1225 


45 


276-0 


609 


69 


304-3 


413 


22 


233-8 


1173 


46 


277-4 


597 


70 


305-3 


407 


23 


236-3 
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47 
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AREAS OF CIRCLES OF GIVEN DIAMETERS, 



^ * ♦ » ►■ 



DTAX. 


AREA. 


DIAM. 


AREA. 


DIAH. 


AREA. 


20 m. 


3141593 


25 in. 


490-8739 


30111. 


706-8583 


i 


318-0985 


i 


495-7949 


i 


712-7611 


i 


322-0623 


i 


500-7404 


i 


718-6884 


f 


326-0507 


i 


505-7106 


f 


'724-6403 


i 


3300636 


i 


510-7052 


i 


730-6167 


1 


3341011 


$ 


515-7244 


1 


736-6176 


i 


3381630 


f 


520-7681 


i 


742-6430 


i 


342-2496 


i 


525-8364 


* 


748-6932 


21 in. 


346-3606 


26 in. 


530-9292 


31 in. 


754-7676 


i 


350-4962 


i 


536-0465 


i 


760-8668 


i 


354-6564 


i 


541-1884 


i 


766-9904 


t 


358-8412 


t 


546-3549 


f 


773-1387 


» 

* 


3630503 


i 


551-5459 


i 


779-3113 


1 


367-2842 


f 


556-7615 


1 


785-5086 


1 


371-5424 


i 


5620015 


f 


791-7304 


i 


375-8253 


t 


567-2662 


* 


797-9768 


22 in. 


380-1327 


27 in. 


572-5553 


32 in. 


804-2477 


i 


384-4646 


i 


577-8690 


i 


810-5432 


i 


388-8212 


i 


583-2072 


i 


816-8632 


1 


393-2023 


% 


588-5701 




823-2078 


i 


397-6078 


i 


593-9574 


^ 


829-5768 


1 


402-0379 


1 


599-3693 


1 


835-9705 


f 


406-4926 


f 


604-8057 


f 


842-3886 ' 


i 


410-9719 


* 


610-2667 


i 


848-8314 


23 in. 


415-4756 


28 in. 


615-7522 


33 in. 


855-2986 


i 


420-0039 


i 


621-2623 


i 


861-7904 


i 


424-5568 


i 


626-7968 


i 


868-3068 


t 


429-1343 


i 


632-3561 


t 


874-8477 


i 


433-7361 


i 


637-9397 


i 


881-4139 


1 


438-3626 


1 


643-5480 


i 


888-0030 


J 


443-0137 


} 


649-1807 


f 


894-6176 


1 


447-6892 


i 


654-8381 


i 


901-2567 


24 in. 


452-3893 


29 in. 


660-5199 


34 in. 


907-9203 


i 


457-1140 


i 


666-2264 


i 


914-6084 


i 


461-8632 


i 


671-9572 


7 


921-3211 


1 


466-6370 


t 


677-7128 


f 


928-0584 


i 


471-4352 


* 


683-4928 


i 


934-8202 


1 


476-2581 


1 


689-2974 


i 


941-6066 


i 


481-1055 


i 


695-1265 


i 


948-4174 


i 


485-9775 


i 


700-9802 


i 


955-2529 


. 
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AREAS OF CIRCLES OF- GIVEN DIAMETERS. 



DIAM. 


AREA. 


DIAM. 


AREA. 


DIAM. 


AREA. 


35 in. 


962-1127 


41 in. 


1320-2543 


47 in. 


1734-9445 


i 


968-9973 


i 


1328-3170 


i 


1744-1862 


■ i 


975-9063 


i 


1336-4041 


1 


1763-4505 


i 


982-8400 


1 


1344-5159 


1 


1762-7304 


i 


989-7980 


i 


1352-6520 


1 


17720546 


i 


996-7807 


« 


1360-8129 


« 


1781-3936 


i 


1003-7879 


} 


1368-9981 


i 


1790-7569 


i 


1010-8197 


1377-2080 


i 


1800-1450 


36 in. 


1017-8760 


42 in. 


1385*4424 


48 in. 


1809-5574 


i 


1024-9568 


i 


1393-7013 


J 


1818-9944 


i 


1032-0622 


i 


1401-9848 


1828-4660 


f 


10391922 




1410-2929 


} 


1837-9322 


i 


1046-3467 


^ 


1418-6254 


1847-4528 


1 


1053-5257 


f 


1426-9826 


i 


1856-9881 


f 


1060-7293 


i 


1435-3642 


) 


1866-5478 


i 


1067-9575 


i 


1443-7705 


i 


1876-1322 


37 in. 


1075-2101 


43 in. 


1452-2012 


49 in. 


1885-7410 


i 


1082-4873 


i 


1460-6565 


i 


1896-3744 


i 


1089-7890 


i 


14691364 


i 


1905-0323 




1097-1154 


t 


1477-6310 


i 


1914-7150 


i 


1104-4662 


i 


1486-1697 


k 


1924-4218 


1 


1111-8416 


1 


1494-7234 


1 


1934-1.534 




1119-2415 




1503-3012 


i 


1943-9096 


i 


1126-6660 


i 


1511-9038 


i 


1953-6902 


38 in. 


11341149 


44 in. 


1520^5308 


50 in. 


1963-4954 


i 


1141-5885 


i 


1529-1825 


i 


1973-3251 


i 


11490866 


i 


1537-8587 


i 


1983-1794 




1156-6083 


i 


1546-5475 


1 


1993-0583 


i 


1164-1564 


i 


1555-2847 


2002-9617 


1 


1171-7282 


1 


15640346 


« 


2012-8897 


1 


1179-3244 


) 


1572-8089 


i 


2022-8421 


i 


1186-9453 


i 


1681-6079 


i 


2032-8172 


39 in. 


1194-5906 


45 in. 


1590-4313 


51 in. 


2042-8206 


* 


1202-2605 


i . 


1599-2777 


i 


2052-8467 


i 


1209-9550 


i 


1608-1518 


i 


2062-8974 


i 


1217-6740 




1617-0390 


1 


2072-9727 


i 


1225-4175 


^ 


1625-9705 


i 


2083-0723 


i 


1233-1856 


* 


1634-9267 


i 


2093-1966 




1240-9782 




1643-8874 




2103-3554 


i 


1248-7954 


1 


1652-8827 


i 


2113-5188 


40 in. 


1256-6370 


46 in. 


1661-9025 


52 in. 


2123-7166 


i 


1264-5032 


i 


1670-9469 


i 


2133-9390 


i 


1272-3941 


i 


16800158 


i 


2144-1861 


i 


] 280-3094 


i 


1689-0993 


t 


2154-4576 


i 


1288-2493 


i 


1698-2272 


i 


2164-7537 


i 


1296-2138 


« 


. 1707-3698 


r 


2175-0744 




1304-2027 


1 


1716-5368 


i 


2185-4195 


* 


1312-2163 


i 


1725-7284 


i 


2195-7893 
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DIAM. 



o3 in 



i 



i 

i 

54 m. 

i 
i 
f 
i 



i 

i 

55 in. 



i 

56 m. 

i 
i 
t 



57 in. 
i 

i 



58 m. 



AREA. 



i 

i 



22061834 
2216-6022 
22270456 
2237-5132 
22480059 
2258-5229 
22690644 
2279-6305 

2290-2110 
2300-8362 
2311-4759 
2322-1392 
2332-8289 
2343-5423 
2354-2801 
2365-0426 

2375-8294 
2386-6411 
2397-4770 
2408-3377 
2419-2227 
2430-1775 
2441-0666 
2452-0254 

24630086 
2474-0145 
2485-0489 
2496-1059 
2507-3873 
2518-2934 
2529-4239 
254p-5781 

2551-7586 
2562-9629 
2574-1916 
2585-4450 
2596-7227 
26080251 
2619-3520 
2630-7035 

2642-0794 
2653-4800 
2664-9051 
2676-3549 
2687-8289 
2699-3277 
2710-8508 
2722-3988 



DIAM. 



59 in. 
i 



AREA. 



i 



i 

i 

60 in. 

i 
i 
I 
i 

I 

i 
i 

61 in. 

i 
i 

i 

i 



i 

i 

62 in. 

i 
i 
t 
i 



i 

i 
63 in. 



64 in. 

i 
i 

i 

i 
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i 



2733-9710 
2745-5681 
2757-1893 
2768-8355 
2780-5059 
2792-2010 
2803-9205 
2815-6647 



2827' 
2839 
2851' 
2862 

2874' 
2886' 
2898' 
2910- 



4334 
2266 
0444 
8868 
7536 
6450 
5610 
5016 



2922-4666 
2934-4562 
2946-4703 
2958-5091 
2970-5722 
2982-6600 
2994-7723 
3006-9092 

30190705 
3031-2560 
3043-4670 
3055-7021 
3067-9616 
3080-2458 
3092-5544 
3104-8877 

3117-2453 
3129-6273 
3142-0344 
3154-4659 
3166-9217 
3179-4022 
3191-9072 
3204-4368 

3216-9909 
3229-5695 
3242-1707 
3254-8005 
3267-4527 
3280-1296 
3292-8309 
3305-5566 



DIAM. 



65 in. 

i 
i 



AREA. 



i 

i 

66 in. 

i 
i 

i 

i 



i 

67 in. 

i 
i 

i 
i 



i 
i 

68 in. 

i 
i 

i 

i 



i 

69 in. 

i 
i 
f 
i 



i 



3318-3072 
3331-0822 
3343-8818 
3356-7059 
3369-5545 
3382-4277 
3395-3253 
3408-2476 

3421-1944 
34341657 
3447-1616 
3460-1820 
3473-2270 
3486-3966 
3499-3906 
3512-5093 

3525-6524 
3538-8201 
35520123 
3565-2292 
3578-4704 
3591-7363 
36050267 
3618-3417 

3631-6811 
3645-0451 
3658-4337 
3671-8469 
3685-2845 
3698-7468 
3712-2335 
3725-7450 

3739-2807 
3752-8411 
3766-4260 
3780-0356 
3793-6695 
3807-3281 
3821-0112 
3834-7189 

3848-4510 
3862-2077 
3875-9890 
3889-7948 
3903-6252 
3917-4802 
3931-3596 
3945-2636 
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a. 



DIAM. 



71 in. 



i 
i 

72 in. 

i 
i 



i 
i 

73 in. 

i 

t 
i 



i 

i 

74 in. 

i 
i 



i 
75 in. 

i 



i 

i 

i 

76 in. 

i 

i 

t 
i 



i 
i 



ARBA. 



39591921 
39731452 
39871229 
40011252 
40151518 
4029-2031 
4043-2788 
4057-3884 

4071-5041 
4085-6532 
4099-8275 
4114-0260 
4128-2490 
4142-4967 
4156-7689 
41710656 

4185-3868 
4199-7326 
4214-1029 
4228-4979 
4242-9171 
4257-3611 
4271-8296 
4286-3227 

4300-8404 
4315-3826 
4329-9492 
4344-5405 
43591563 
4373-7967 
4388-4613 
44031508 

4417-8647 
4432-6032 
4447-3662 
4462-1539 
4476-9659 
4491-8026 
4506-6637 
4521-5495 

4536-4598 
4551-3946 
4566-3540 
4581-3379 
4596-3464 
4611-3895 
4626-4370 
4641-5192 



DIAM. 



77 in. 

i 
i 
f 
i 
« 

4 

i 

78 in. 

i 

i 



AREA. 



i 

i 

79 in. 

i 

i 
« 
i 



i 
i 

80 in. 

i 

« 
i 



i 

i 

81 in. 

i 
i 

i 
■i 
I 

ji 

1 
8 

82 in. 

i 
i 

t 
i 

i 
i 

i 



4656-6257 
4671-7569 
4686-9126 
4702-0929 
4717-2977 
4732-5271 
4747-7810 
4763-0595 

4778-3624 
4793-6890 
4809-0420 

4824-4187 
4839-8198 
4855-2455 
4870-7958 
4886-1707 

4901-6669 
4917-1938 
4932-7423 
4948-3154 
4963-9127 
4979-5310 
4^95-1814 
5010-8526 

.5026-5482 
5042-2785 
5058-0133 
5^73-7826 
5089-5764 
5105-3948 
5121-2378 
5137-1054 

5152-9973 
5168-9140 
5184-8551 
5200-8208 
5216-8109 
5232-8258 
5248-86.50 
5264-9289 

5281-0172 
52971302 
5313-2677 
5329-4297 
5345-6162 
5361-8273 
5378-0630 
5394-3233 



DIAM. 



83 in. 

i 
i 

i 

i 



i 

i 

84 in. 

i 
i 
I 



i 

i 

85 in. 

i 
i 
t 
i 



i 

i 

86 in. 

i 
i 

i 

i 
f 
i 
i . 

87 in. 

* 
i 
t 
i 



i 
i 

88 in. 

i 
i 



I 

i 
i 



ARBA. 



5410-6079 
5426-9172 
6443-2511 
5459-6096 
5475-9923 
5492-3998 
5508-8318 
5525-2884 

5541-7694 
55.58-2751 
5574-8053 
5591-3600 
6607-9392 
6624-5430 
5641-1714 
5657-8236 

5674-5017 
5691-2037 
5707-9302 
5724-6814 
5741-4569 
5758-2631 
5775-0818 
5791-9311 

5808-8048 
5825-7032 
5842-6260 
5859-5735 
5876-5454 
5893-5420 
5910-5630 
5927-6087 

5944-6787 
5961-7734 
5978-8926 
5996-0365 
6013-2047 
6030-3975 
6047-6149 
6064-8569 

6082-1234 
6099-4145 
6116-7300 
6134-0702 
6151-4349 
6168-8240 
6186-2377 
6203-6751 
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BIAM. 


AREA. 


DtAM. 


AREA. 

1 


DTAM. 


AREA. 1 


89 in. 


6221-1389 


93 in. 


6792-9087 


97 in. 
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AMATEUR MECHANICS' WORKSHOP: 

A treatise containing plain and concise directions for the manipula- 
tion of Wood and Metals, including Casting, Forging, Brazing, 
Soldering and Carpentry. By the author of the " Lathe and Its 
Uses." Third edition. Illustrated. 8vo. . . . $3.00 

ANDRES.— A Practical Treatise on the Fabrication of Volatile 
and Fat Varnishes, Lacquers, Siccatives and Sealing 
Waxes. 
From the German of Erwin Andres, Manufacturer of Varnishes 
and Lacquers. With additions on the Manufacture and Application 
of Varnishes, Stains for Wood, Horn, Ivory, Bone and Leather. 
From the German of Dr. Emil Winckler and Louis E. Andes. 
The whole translated and edited by William T. Brannt. With 11 
illustrations. i2mo. ....... $2.50 

ARLOT. — A Complete Guide for Coach Painters : 

Translated from the French of M. Arlot, Coach Painter; for 
eleven years Foreman of Painting to M. Eherler, Coach Maker, 
Paris. By A. A. Fesquet, Chemist and Engineer. To which is 
added an Appendix, containing Information respecting the Materials 
and the Practice of Coach and Car Painting and Varnishing in the 
United States and Great Britain. i2mo. . . . j55i.2S 
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ARMENGAUD, AMOROUX, AND JOHNSON.— The Practi- 
cal Draughtsman's Book of Industrial Design, and Ma- 
chinist's and Engineer's Drawing Companion : 

Forming a Complete Course of Mechanical Engineering and Archi- 
tectural Drawing. From the French of M. Armengaud ihe elder. 
Prof, of Design in the Conservatoire of Arts and Industry, Paris, and 
MM. Armengaud the younger, and Amoroux, Civil Engineers. Re- 
written and arranged with additional matter and plates, selections from 
and examples of the most useful and generally employed mechanism 
of the day. By William Johnson, Assoc. Inst C. E. Illustrated 
by fifty folio steel plates, and hfty wood-cuts. A new edition, 410., 
half morocco ......... $10.00 

ARMSTRONG. — The Construction and Management of Steam 
Boilers : 
By R. Armstrong, C. E. With an Appendix by Robert Mallet, 
C. E., F. R. S. Seventh Edition. Illustrated, i vol. i2mo. 75 

ARROWSMITH.— Paper-Hanger's Companion : 

A Treatise in which the Practical Operations of the Trade are 
Systematically laid down: with Copious Directions Preparatory to 
Papering; Preventives against the Effect of Damp on Walls; the 
various Cements and Pastes Adapted to the Several Purposes of 
the Trade; Observations and Directions for the Panelling and 
Ornamenting of Rooms, etc. By James Arrowsmith. i2mo., 
cloth $1.25 

ASH TON. — The Theory and Practice of the Art of Designing 
Fancy Cotton and Woollen Cloths from Sample : 
Giving full instructions for reducing drafts, as well as the methods of 
spooling and making out harness lor cross drafts and finding any re- 
quired reed; with calculations and tables of yarn. By Frederic T. 
AsHroN, Designer, West Pittsfield, Mass. With fifty-two illustrations. 
One vol. folio $10.00 

AUERBACH— CROOKES.— Anthracen : 

Its Constitution, Properties, Manufacture and Derivatives, including 
Artificial Alizarin, Anthrapurpurin, etc., with their applications in 
Dyeing and Printing. By G. Auerbach. Translated and edited 
fiom the revised manuscript of the Author, by Wm. Crookes, F. R. 
S., Vice-President of the Chemical Society. 8vo. . jf>5.oo 

3AIRD. — Miscellaneous Papers on Economic Questions. 
By Henry Carey Baird. (In preparation.) 

BAIRD. — The American Cotton Spinner, and Manager's and 
Carder's Guide: 
A Practical Treatise on Cotton Spinning; giving the Dimensions and 
Speed of Machinery, Draught and Twist Calculations, etc. ; with 
notices of recent Improvements: together with Rules and Examples 
for making changes in the sizes and numbers of Roving and Yarn, 
Compiled from the papers of the late Robert H. Baird. i2mo. 

^1.50 
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BAIRD. — Standard Wages Computing Tables : 

An Improvement in all former Methods of Computation, so arranged 
that wages for days, hours, or fractions of hours, at a specified rate 
per day or hour, may be ascertained at a glance. By T. Spangler 
Baird. Oblong folio . . j^^S-OO 

BAKBR. — Long-Span Railway Bridges : 

Comprising Investigations of the Comparative Theoretical and 
Practical Advantages of the various Adopted or Proposed Type 
Systems of Construction ; with numerous Formulae and Tables. By 
B. Baker. lamo. 51.50 

BAKER.— The Mathematical Theory of the Steam -Engine : 
With Rules at length, and Examples worked out for the use of 
Practical Men. By T. Baker, C. E., with numerous Diagrams. 
Sixth Edi'ion, Revised by Prof. J. R. YoUNG. l2mo. . 75 

BARLOW.— The History and Principles of Weaving, by 
Hand and by Power : 
Reprinted, with Considerable Additions, from " Engineering," with 
a chapter on Lace-making Machinery, reprinted from the Journal of 
the '* Society of Arts." By Alfred Barlow. With several hundred 
illustrations. 8vo., 443 pages ^10.00 

SARR. — A Practical Treatise on the Combustion of Coal: 
Including descriptions of various mechanical devices for the Eco« 
nomic Generation of Heat by the Combustion of Fuel, whether solid, 
liquid or gaseous. 8vo. ....... $2.50 

BARR. — A Practical Treatise on High Pressure Steam Boilers: 
Including Results of Recent Experimental Tests of Boiler Materials, 
together with a Description of Approved Safety Apparatus, Steam 
Pumps, Injectors and Economizers in actual use. By Wm. M. Barr. 
204 Illustrations. 8vo fc.oo 

BAUERMAN.— A Treatise on the Metallurgy of Iron : 

Containing Outlines of the History of Iron Manufacune, Methods of 
Assay, and Analysis of Iron Ores, Processes of Manufacture of Iron 
and Steel, etc., etc. By H. Bauerman, F. G. S., Associate of the 
Royal School of Mines. Fifth Edition, Revised and Enlarged. 
Illustrated with numerous Wood Engravings from Drawings by J. B. 
Jordan. i2mo I2.00 

BAYLES.— House Drainage and Water Service : 

In Cities, Villages and Rural Neighborhoods. With Incidental Con. 
sideration of Certain Causes Affecting the Healthfulness of Dwell* 
ings. By James C. Bayles, Editor of " The Iron Age " and " The 
Metal Worker." With numerous illustrations. 8vo. cloth, ^3.00 

BEANS.— A Treatise on Railway Curves and Location of 
Railroads : 
By E. W. Beans, C. E. Illustrated. i2mo. Tucks . $1.50 

BECKETT.— A Rudimentary Treatise on Clocks, and Watches 

and Bells : 

By Sir Edmund Beckett, Bart., LL. D., Q. C. F. R. A. S. With 

numerous illustrations. Seventh Edition, Revised and Enlarged. 

i2mo. $2.25 
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BELL. — Carpentry Made Easy : 

Or, The Science and Art of Framing on a New and Improved 
System. With Specific Instructions for Building Balloon Frames, Barn 
Frames, Mill Frames, Warehouses, Church Spires, etc. Comprising 
also a System of Bridge Building, with Bills, Estimates of Cost, and 
valuable Tables. Illustrated by forty-four plates, comprising nearly 
200 figures. By William E. Bell, Architect and Practical Builder. 
8vo. ^5-oo 

BEMROSE. — Fret-Cutting and Perforated Carving : 
With fifty-three practical illustrations. By W. Bemrose, Jr. i vol. 
quarto $300 

BEMROSE. — Manual of Buhl-work and Marquetry: 

With Practical Instructions for Learners, and ninety colored designs. 
By W. Bemrose, Jr. i vol. quarto .... ^3.00 

BEMROSE.— Manual of Wood Carving: 
With Practical Illustrations for Learners of the Art, and Original and 
Selected Designs. By William Bemrose, Jr. With an Intro- 
duction by Llewellyn Jewitt, F. S. A., etc. With 128 illustra- 
tions, 4to. $3>oc 

BILLINGS.— Tobacco : 

Its History, Variety, Culture, Manufacture, Commerce, and Various 
Modes of Use. By E. R. Billings. Illustrated by nearly 200 
engravings. 8vo fe.oo 

BIRD. — The American Practical Dyers' Companion: 

Comprising a Description of the Principal Dye-Stuffs and Chemicals 
used in Dyeing, their Natures and Uses ; Mordants, and How Made ; 
with the best American, English, French and German processes for 
Bleaching and Dyeing Silk, Wool, Cotton, Linen, Flannel, Felt, 
Dress Goods, Mixed and Hosiery Yarns, Feathers, Grass, Felt, Fur, 
Wool, and Straw Hats, Jute Yarn, Vegetable Ivory, Mats, Skins, 
Furs, Leather, etc., etc. By Wood, Aniline, and other Processes, 
together with Remarks on Finishing Agents, and Instructions in the 
Finishing of Fabrics, Substitutes for Indigo, Water- Proofing of 
Materials, Tests and Purification of Water, Manufacture of Aniline 
and other New Dye Wares, Harmonizing Colors, etc., etc. ; embrac- 
ing in all over 800 Receipts for Colors and Shades, accompanied by 
170 Dyed Samples of Raw Materials and Fabrics. By F. J. BiRD, 
Practical Dyer, Author of ** The Dyers' Hand-Book." 8vo. ^10.00 

BLINN.— A Practical Workshop Companion for Tin, Sheet- 
Iron, and Copper-plate Workers : 
Containing Rules for describing various kinds of Patterns used by 
Tin, Sheet-Iron and Copper-plate Workers; Practical Geometry; 
Mensuration of Surfacps and Solids ; Tables of the Weights of 
Metals, Lead-pipe, etc.; Tables of Areas and Circumference* 
of Circles ; Japan, Varnishes, Lackers, Cements, Compositions, etc., 
etc. By Leroy J. Blinn, Master Mechanic. With over One 
Hundred Illustrations. i2mo. $2.50 
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BOOTH. — Marble Worker's Manual: 

Containing Practical Information respecting Marbles in general, their 
Cutting, Working and Polishing ; Veneering of Marble ; Mosaics ; 
Composition and Use of Artificial Marble, Stuccos, Cements, Receipts, 
Secrets, etc., etc. Translated from the French by M. L. Bcx)TH. 
With an Appendix concerning American Marbles. l2mo., cloth $l.SO 

BOOTH and MORFIT.— The Encyclopaedia of Chemistry, 
Practical and Theoretical : 
Embracing its application to the Arts, Metallurgy, Mineralogy, 
Geology, Medicine and Pharmacy. By James C. Booth, Melter 
and Refiner in the United States Mint, Professor of Applied Chem- 
istry in the Franklin Institute, etc., assisted by Campbell Morfit, 
author of " Chemical Manipulations," etc. Seventh Edition. Com- 
plete in one volume, royal 8vo., 978 pages, with'numerous wood-cuts 
and other illustrations ....... ^5.00 

BRAM WELL.— The Wool Carder's Vade-Mecum : 

A Complete Manual of the Art of Carding Textile Fabrics. By W. 
C. Bramwell. Third Edition, revised and enlarged. Illustrated, 
pp. 400. l2mo ^2.50 

BRANNT.— A Practical Treatise on the Rav^ Materials and the 
Distillation and Rectification of Alcohol, and the Prepara- 
tion of Alcoholic Liquors, Liqueurs, Cordials* Bitters, etc. : 
Edited chiefly from the German of Dr. K. Stammer, Dr. F. Eisner, 
and E. Schubert. By Wm. T. Brannt. Illustrated by thirty-one 
engravings. i2mo. if^2.50 

BRANNT— WAHL.— The Techno- Chemical Receipt Book: 
Containing several thousand Receipts covering the latest, most im- 
portant, and most useful discoveries in Chemical Technology, and 
their Practical Application in the Arts and the Industries. Edited 
chiefly from the German of Drs. Winckler, Eisner, Hejntze, Mier- 
zinski, Jacobsen, KoUer, and Heinzerling, with additions by Wm. T. 
Brannt and Wm. H. Wahl, Ph. D. Illustrated by 78 engravings. 
i2mo. 495 pages . . jS>2.oo 

BROWN. — Five Hundred and Seven Mechanical Movements. 
Embracing all those which are most important in Dynamics, Hy- 
draulics, Hydrostatics, Pneumatics, Steam-Engines, Mill and other 
Gearing, Presses, Horology and Miscellaneous Machinery; and in- 
cluding many movements never before published, and several of 
which have only recently come into use. By Henry T. Brown. 
i2mo. jSJi.oo 

BUCKMASTER.— The Elements of Mechanical Physics : 
By J. C. BucKMASTER. Illustrated with numerous engravings. 
i2mo I1.50 

BULLOCK.— The American Cottage Builder : 

A Series of Designs, Plans and Specifications, from $200 to j^20,ooo, 
for Homes for the People; together with Warming, Ventilation, 
Drainage, Painting and Landscape Gardening. By John Bullock, 
Architect and Editor of " The Rudiments of Architecture and 
Building," etc., etc. Illustrated by 75 engravings. 8vo. S3. 50 

BULLOCK. — The Rudiments of Architecture and Building : 
For the use of Architects, Builders, Draughtsmen, Machinists, En- 
gineers and Mechanics. Edited by John Bullock, author of " The 
American Cottage Builder." Illustrated by 250 Engravings. 8vo. $3.io 
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BURGH.— Practical Rules for the Proportions of Modem 
Engines and Boilers for Land and Marine Purposes. 
By N. P. Burgh, Engineer. i2nio. .... I1.50 

BURNS. — The American Woolen Manufacturer: 

A Practical Treatise on the Manufacture of Woolens, in two parts. 
Part First gives full and explicit instructions upon Drafting, Cross- 
Drawing, Combining Weaves, and the correct arrangement of Weights, 
Colors and Sizes of Yarns to produce any desired fabric. Illustrated 
with diagrams of various weavings, and twelve samples of cloth for 
explanation and practice. Part Second is fully supplied with ex 
tended Tables, Rules, Examples, Explanations, etc. ; gives full and 
practical information, in detailed order, from the stock department to 
the market, of the proper selection and use of the various grades and 
staples of wool, with the admixture of waste, cotton and shoddy; and 
the proper application and economical use of the various oils, drugs, 
dye stuffs, soaps, belting, etc. Also, the most approved method for 
Calculating and Estimating the Cost of Goods, for all Wool, Wool 
Waste and Cotton and Cotton Warps. With Examples and Calcula- 
tions on the Circular motions of W^heels, Pinions, Drums, Pulleys 
and Gears, how to speed them, etc. The two parts combined form a 
whole work on the American way of manufacturing more complete 
than any yet issued. By George C. Burns. 8vo. . 

BYLES.— Sophisms of Free Trade and Popular Political 

Economy Examined. 

By a Barrister (Sir John Barnard Byles, Judge of Common 

Pleas). From the Ninth English Edition, as published by the 

Manchester Reciprocity Association. i2mo. . , . ^1.25 

BOWMAN.— The Structure of the Wool Fibre in its Relation 
to the Use of Wool for Technical Purposes : 
Being the substance, with additions, of Five Lectures, delivered at 
the request of the Council, to the members of the Bradford Technical 
College, and the Society of Dyers and Coloiists. By K. II. Bow- 
man, D. Sc, F. R. S. E., F. L. S. Illustrated by 32 engravings. 
8vo ^6.50 

BYRN.— The Complete Practical Distiller : 

Comprising the most perfect and exact Theoretical and Practical De- 
scription of the Art of Distillation and Rectification; including all of 
the most recent improvements in distilling apparatus ; instructions foi 
preparing spirits from the numerous vegetables, fruits, etc ; directions 
for the distillation and preparation of all kinds of brandies and other 
spirits, spirituous and other compounds, etc. By M. La Fayette 
Byrn, M. D. Eighth Edition. To which are added Practical 
Directions for Distilling, from the French of Th. Fling, Brewer and 
Distiller. i2mo. .....*.. 

BYRNE. — Hand-Book for the Artisan, Mechanic, and Engi- 
neer: 
Comprising the Grinding and Sharpening of Cutting Tools, Abrasive 
Processes, Lapidary Work, Gem and Glass Engraving, Varnishing 
and Lackering, Apparatus, Materials and Processes for Grinding and 
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Polishing, etc. By Oliver Byrne. Illustrated by 185 wood «n- 
gravings. 8vo $5.oa 

BYRNE.— Pocket-Book for Railroad and Civil Engineers : 
Containing New, Exact and Concise Methods for Laying out Railroaa 
Curves, Switches, Frog Angles and Crossings ; the Staking out of 
work; Levelling; the Calculation of Cuttings; Embankments; Earth- 
work, etc. By Oliver Byrne. i8mo., full bound, pocket-book 
^onn jJ5i.75 

BYRNE.— The Practical Metal-Worker's Assistant : 

Comprising Metallurgic Chemistry; the Arts of Working all Metals 
and Alloys; Forging of Iron and Steel; Hardening and Tempering; 
Melting and Mixing; Casting and Founding ; Works in Sheet Metal; 
the Processes Dependent on the Ductility of the Metals; Soldering; 
and the most Improved Processes and Tools employed by Metal- 
workers. With the Application of the Art of Electro- Metallurgy to 
Manufacturing Processes ; collected from Original Sources, and from 
the works of Holtzapffel, Bergeron, Leupold, Plumier, Napier, 
Scoffern, Clay, Fairbairn and others. By Oliver Byrne. A new, 
revised and improved edition, to which is added an Appendix, con- 
taining The Manufacture of Russian Sheet- Iron. By John Percy, 
M. D., F. R. S. The Manufacture of Malleable Iron Castings, and 
Improvements in Bessemer Steel, By A. A. Fesquet, Chemist and 
Engineer. With over Six Hundred Engravings, Illustrating every 
Branch of the Subject. 8vo ^7.00 

BYRNE.— The Practical Model Calculator: 

For the Engineer, Mechanic, Manufacturer of Engine Work, Nava» 
Architect, Miner and Millwright. By Oliver Byrne. 8vo., nearly 
600 pages $^co 

CABINET MAKER'S ALBUM OF FURNITURE: 

Comprising a Collection of Designs for various Styles of Furniture. 
Illustrated by Forty-eight Large and Beautifully Engraved Plates. 
Oblong, 8vo $3'S<^ 

CALLINQHAM. — Sign Writing and Glass Embossing: 

A Complete Practical Illustrated Manual of the Art. By James 
Callingham. i2nio $1.50 

CAMPIN. — A Practical Treatise on Mechanical Engineering: 
Comprising Metallurgy, Moulding, Casting, Forging, Tools, Work- 
shop Machinery, Mechanical Manipulation, Manufacture of Steam- 
Engines, etc. With an Appendix on the Analysis of Iron and Iron 
Ores. By Francis Campin, C. E. To which are added. Observations 
on the Construction of Steam Boilers, and Remarks upon Furnaces 
used for Smoke Prevention ; with a Chapter on Explosions. By R. 
Armstrong, C. E., and John Bourne. Rules for Calculating the 
Change Wheels for Screws on a Turning Lathe, and for a Wheel- 
cutting Machine. By J. La Nicca. Management of Steel, Includ- 
ing Forging, Hardening, Tempering, Annealing, Shrinking and 
Expansion ; and the Case-hardening of Iron. By G. Ede. 8vo. 
Illustrated with twenty-nine plates and 100 wood engravings $5.00 
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CAREY.— A Memoir of Henry C. Carey. 

By Dr. Wm. Elder. With a portrait. 8vo., cloth . . 75 

CAREY.— The Works of Henry C. Carey : 

Harmony of Interests : Agricultural, Manufacturing and Commer- 
cial. 8vo. ..... . . $1*50 

Manual of Social Science. Condensed from Carey's ** Principles 
of Social Science." By Kate McKean. i vol. i2mo. . jS^2.25 
Miscellaneous Works. With a Portrait. 2 vols. 8vo. $6.00 

Past, Present and Future. 8vo $2.50 

Principles of Social Science. 3 volumes, 8vo. $10.00 

The Slave-Trade, Domestic and Foreign; Why it Exists, and 
How it may be Extinguished (1853). 8vo. . . . $2.00 
The Unity of Law : As Exhibited in the Relations of Physical, 
Social, Mental and Moral Science (1872V 8vo. . . $3-5^ 

CLARK. — Tramways, their Construction and Working : 

Embracing 3 Comprehensive History of the System. With an ex^ 
haustive analysis of the various modes of traction, including horse- 
power, steam, heated water and compressed air ; a description of the 
varieties of Rolling stock, and ample details of cost and working ex- 
penses. By D. KiNNEAR Clark. Illustrated by over 200 wood 
engravings, and thirteen folding plates. 2 vols. 8vo. . 1^12.50 

COLBURN.— The Locomotive Engine : 

Including a Description of its Structure, Rules for Estimating its 
Capabilities, and Practical Observations on its Construction and Man- 
agement. By Zerah Colburn. Illustrated. i2mo. . ^i.oo 

COLLENS. — The Eden of Labor ; or, the Christian Utopia. 
By T. Wharton Collens, author of " Humanics," " The Histon- 
of Charity," etc. l2rao. Paper cover, $1.00; Cloth . j5l.25 

COOLEY. — A Complete Practical Treatise on Perfumery : 
Being a Hand-book of Perfumes, Cosmetics and other Toilet Articles, 
With a Comprehensive Collection of Formulae. By Arnold J» 
CoOLEY. i2mo $1.50 

COOPER.— A Treatise on the use of Belting for the Trans-^ 
mission of Power. 
With numerous illustrations of approved and actual methods of ar- 
ranging Main Driving and Quarter Twist Belts, and of Belt Fasten- 
ings. Examples and Rules in great number for exhibiting and cal- 
culating the size and driving power of Belts. Plain, Particular and 
Practical Directions for the Treatment, Care and Management of 
Belts. Descriptions of many varieties of Beltings, together with 
chapters on the Transmission of Power by Ropes; by Iron and 
Wood Frictional Gearing ; on the Strength of Belting Leather ; and 
on the Experimental Investigations of Morin, Briggs, and others. By 
John H. Cooper, M. E. 8vo $3$^ 

CRAIK. — The Practical American Millwright and Miller. 
By David Craik, Millwright. Illustrated by numerous wood en- 
gravings and two folding plates. 8vo iS^S-OO 
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CRISTIANI. — A Technical Treatise on Soap and Candles : 

With a Glance at the Industry of Fats and Oils. By R. S. Cris 
TiANl, Chemist. Author of " Perfumery and Kindred Arts." Illus- 
trated by 176 engravings. 581 pages, 8vo. . . . iP7-5G 

CRISTIANI.— Perfumery and Kindred Arts: 

A Comprehensive Treatise on Perfumery, containing a History of 
Perfumes from the remotest ages to the present time. A complete 
detailed description of the various Materials and Apparatus used in 
the Perfumer's Art, with thorough Praciical Instruction and careful 
Formulae, and advice for the fabrication of all known preparations of 
the day, including Essences, Tinctures, Extracts, Spirits, Waters, 

. Vinegars, Pomades, Powders, Paints, Oils, Emulsions, Cosmetics, 
Infusions, Pastilles, Tooth Powders and Washes, Cachous, Hair Dyes, 
Sachets, Essential Oils, Flavoring Extracts, etc. ; and full details for 
making and manipulating Fancy Toilet Soaps, Shaving Creams, etc., 
by new and improved methods. With an Appendix giving hints and 
advice for making and fermenting Domestic Wines, Cordials, Liquors, 
Candies, Jellies, Syrups, Colors, etc., and for Perfuming and Flavor- 
ing Segars, Snuff and Tobacco, and Miscellaneous Receipts for 
various useful Analogous Articles. By R. S. Cristiani, Con- 
suiting Chemist and Perfumer, Philadelphia. 8vo. . . $5.0G 

CUPPER.— The Universal Stair-Builder : 

Being a new Treatise on the Construction of Stair-Cases and Hand- 
Rails; showing Plans of the various forms of Stairs, method of 
Placing the Kisers in the Cylinders, general method of describing 
the Face Moulds for a Hand-Rail, and an expeditious method of 
Squaring the Rail. Useful also to Stonemasons constructing Stone 
Stairs and Hand-Rails ; with a new method of Sawing the Twist 
Part of any Hand-Rail square from the face of the plank, and to a 
parallel width. Also, a new method of forming the Easings of the 
Rail by a gauge ; preceded by some necessary I^oblems in Practical 
Geometry, with the Sections of Prismatic Solids. Illustrated by 29 
plates. By R. A. Cupper, Architect, author of "The Practical 
Stair-Builder's Guide." Third Edition. Large 4to. 

DAVIDSON.— A Practical Manual of House Painting, Grain- 
ing, Marbling, and Sign- Writing : 
Containing full information on the processes of House Painting in 
Oil and Distemper, the Formation of Letters and Practice of Sign- 
Writing, the Principles of Decorative Art, a Course of Elementary 
Drawing for House Painters, Writers, etc., and a Collection of Useful 
Receipts. With nine colored illustrations of Woods and Marbles, 
and numerous wood engravings. By Ellis A. Davidson. i2mo. 

DAVIBS. — A Treatise on Earthy and Other Minerals and 
Mining : 
By D. C. Davies, F. G. S., Mining Engineer, etc. Illustrated by 
76 Engravings. i2mo $5.0Q 
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DAVIES. — A Treatise on Metalliferous Minerals and Mining: 
By D. C. Davies, F. G. S., Mining Engineer, Examiner of Mines, 
Quarries and Collieries. Illustrated by 148 engravings of Geological 
Formations, Mining Operations and Machinery, drawn from the 
practice of all parts of the world. 2d Edition, I2m6., 450 pages I^S.oo 

OAVIES.— A Treatise on Slate and Slate Quarrying: 
Scientific, Practical and Commercial. By D. C. Davies, F. G. S., 
Mining Engineer, etc. With numerous illustrations and folding 
plates. i2mo. ........ $2.50 

DAVIS. — A Practical Treatise on the Manufacture of Bricks, 
Tiles, Terra-Cotta, etc. : 

Including Common, Pressed, Ornamentally Shaped, and Enamelled 
Bricks, Drain-Tiles, Straight and Curved Sewer- Pipes, Fire-Clays, 
Fire-Bricks, Terra-Cotta, Roofing-Tiles, Floorino-Tiles, Art-Tiles, 
Mosaic Plates, and Imitation of Intarsia or Inlaid Surfaces; com- 
prising every important Product of Clay employed in Architecture, 
Engineering, the Blasi-Furnace, for Reioris, etc., with a llistojy and 
the Actual Processes in Handling, Disintfgrnting, Tem]>ering, and 
Moulding the Clay into Shape, Drying Naturally and Artificially, 
Setting and Burning, Enamelling in Polychrome Colors, Composition 
and Application of Glazes, etc.; including Full Detailed Descriptions 
of the most modern Mnchines, Tools, Kilns, and Kiln-Roofs used. 
By Charles Thomas Davis. Illustrated by 228 Engravings and 
6 Plates, fevo., 472 pages . . . . . . $5.00 

DAVIS. — The Manufacture of Leather: 

Being a description of all of the Processes for the Tanning, Tawing, 
Currying, Finishing and Dyeing of every kind of Leather ; including 
the various Raw Materials and the Methods for Determining their 
Values; the Tools, Machines, and all Details of Importance con- 
nected with an Intelligent and Profitable Prosecution of the Art, with 
Special Reference to the Best American Practice. To which are 
added Complete Lists of all American Patents for Materials, Pro- 
cesses, Tools, and Machines for Tanning, Currying, etc By Charles 
Thomas Davis. Illustrated by 302 engravings and 12 Samples of 
Dyed Leathers. One vol., 8vo., 824 pages . • . ;^io.co 
DAWIDOWSKY— BRANNT.— A Practical Treatise on the 
Raw Materials and Fabrication of Glue, Gelatine, Gelatine 
Veneers and Foils, Isinglass, Cements, Pastes, Mucilages, 
etc. : 
Based upon Actual Experience. By F. Dawidowsky, Technical 
Chemist. Translated from the German, with extensive additions, 
including a description of the most Recent American Processes, by 
William T. Brannt, Graduate of the Royal Agricultural College 
of Eldena, Prussia. 35 Engravings. l2mo. . . . 1^2.50 

PE GRAFF.— The Geometrical Stair- Builders' Guide: 

Being a Plain Practical System of Hand-Railing, embracing all iU 
necessary Details, and Geometrically Illustrated by tvi^enty-two Steel 
Engravings ; together with the use of the most approved principles 
ol Practical Geometry. By SiMON De Graff, Architect. 4to. 

$2. so 
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DE KONINCK— DIETZ.— A Practical Manual of Chemical 
Analysis and Assaying : 
As applied to the Manufacture of Iron from its Ores, and to Cast Iron, 
Wrought Iron, and Steel, as found in Commerce. By L. L. De 
KoNlNCK, Dr. Sc, and E. DiETZ, Engineer. Edited with Notes, by 
Robert Mallet, F. R. S., F. S. G., M. I. C. E., etc. American 
Edition, Edited with Notes and an Appendix on Iron Ores, by A. A. 
Fesquet, Chemist and Engineer. i2mo. . . . ^2.50 

DUNCAN.— Practical Surveyor's Guide: 

Containing the necessary information to make any person of com- 
mon capacity, a finished land surveyor without the aid of a teacher. 
By Andrew Duncan. Illustrated. i2mo. . . . $1.25 
bUPLAIS. — A Treatise on the Manufacture and Distillation 
of Alcoholic Liquors : 
Comprising Accurate and Complete Details in Regard to Alcohol 
from Wine, Molasses, Beets, Grain, Rice, Potatoes, Sorghum, Aspho- 
del, Fruits, etc.; with the Di'^tillation and Rectification of Brandy, 
Whiskey, Rum, Gin, Swiss Absinthe, etc., the Preparation of Aro- 
matic Waters, Volatile Oils or Essences, Sugars, Syrups, Aromatic 
Tinctures, Liqueurs, Cordial Wines, Effervescing Wines, etc., the 
Ageing of Brandy and the improvement of Spirits, with Copious 
Directions and Tables for Testing and Reducing Spirituous Liquors, 
etc., etc. Translated and Edited from the French of MM. Duplais, 
Aine et Jeune. By M. McKennie, M. D. To which are added the 
United States Internal Revenue Regulations for the Assessment and 
Collection of Taxes on Distilled Spirits. Illustrated by fourteen 
folding plates and several wood engravings. 743 pp. 8vo. ^1000 

DUSSAUCE. — A General Treatise on the Manufacture of 
Vinegar : 

Theoretical and Practical. Comprising the various Methods, by the 
Slow and the Quick Processes, with Alcohol, Wine, Grain, Malt, 
Cider, Molasses, and Beets; as well as the Fabrication of Wood 
Vinegar, etc., etc. By Prof. H. DussAUCE. 8vo. . ;^5 co 

DUSSAUCE.— Practical Treatise on the Fabrication of Matches, 
Gun Cotton, and Fulminating Powder. 
By Profe^'^or H. Dussauce. i2mo. . . . . $3 00 

DYER AND COLOR-MAKER'S COMPANION: 

Containing upwards of two hundred Receipts for making Colors, on 
the most approved principles, for all the various styles and fabrics now 
in existence ; with the Scouring Process, and plain Directions for 
Preparing, Washing-off, and Finishing the Goods. i2mo. $1 25 

EDWARDS. — A Catechism of the Marine Steam-Engine, 
For the use of Engineers, Firemen, and Mechanics. A Practical 
Work for Practical Men. By Emory Edwards, Mechanical Engi- 
neer. Illustrated by sixty-three Engravings, including examples of 
the most modern Engines. Third edition, thoroughly revised, with 
much additional matter. 12 mo. 414 pages . . . $2 00 

EDWARDS. — Modern American Locomotive Engines, 
Their Design, Construction and Management. By Emory Edwards. 
Illustrated i2mo .^20^ 
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EDWARDS. — Modem American Marine Engines, Boilers, and 
Screw Propellers, 

Their Design and Construction. Showing the Present Practice of 
the most Eminent Engineers and Marine Engine Builders in the 
United States. Illustrated by 30 large and elaborate plates. 4to. $5.00 

EDWARDS.— The Practical Steam Engineer's Guide 

In the Design, Construction, and Management of American Stationary, 
Portable, and Steam Fire- Engines, Steam Pumps, Boilers, Injectors, 
Governors, Indicators, Pistons and Rings, Safety Valves and Steam 
Gauges. For the use of Engineers, Firemen, and Steam Users. By 
Emory Edwards. Illustrated by 119 engravings. 420 pages. 
i2mo |2 50 

ELDER.— Conversations on the Principal Subjects of Political 
Economy. 
By Dr. William Elder. Svo ^52 50 

ELDER.— Questions of the Day, 
Economic and Social. By Dr. William Elder. Svo. . $3 00 

ELDER.— Memoir of Henry C. Carey. 
By Dr. William Elder. Svo. cloth 75 

ERNI. — Mineralogy Simplified. 

Easy Methods of Determining and Classifying Minerals, including 
Ores, by means of the Blowpipe, and by Humid Chemical Analysis, 
based on Professor von Kobell's Tables for the Determination of 
Minerals, with an Introduction to Modern Chemistry. By Henry 
Erni, A.m., M.D., Professor of Chemistry. Second Edition, rewritten, 
enlarged and improved. i2mo. ^3 ^^ 

FAIRBAIRN.— The Prmciples of Mechanism and Machinery 
of Transmission ' 
Comprising the Principles of Mechanism, Wheels, and Pulleys, 
Strength and Proportionsof Shafts, Coupling of Shafts, and Engag- 
ing and Disengaging Gear. By SiR William Fairbairn, Bart. 
C. E. Beautifully Illustrated by over 150 wood-cuts. In one 
volume, i2mo. IJ2.50 

FITCH.— Bessemer Steel, 
Ores and Methods, New Facts and Statistics Relating to the Types 
of Machinery in Use, the Methods in Vogue, Cost and Class of Labor 
employed, and the Character and Availability of the Ores utilized in 
the Manufacture of Bessemer Steel in Europe and in the United States ; 
together with opinions and excerpts from various accepted authorities. 
Compiled and arranged by Thomas W. Fitch. Svo. . $^ 00 

FLEMING.— Narrow Gauge Railways in America. 

A Sketch of their Rise, Progress, and Success. Valuable Statistics 
as to Grades, Curves, Weight of Rail, Locomotives, Cars, etc. By 
Howard Fleming. Illustrated, Svo $1 50 

FORSYTH.— Book of Designs for Headstones, Mural, and 
other Monuments : 
Containing 78 Designs. By James Forsyth. "With an Introduction 
by Charles Boutell, M. A. 4 to., cloih . . Jj>5 00 
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FRANKEL— HUTTER.—A Practical Treatise on the Manu- 
facture of Starch, Glucose, Starch- Sugar, and Dextrine : 
Based on the German of Ladislaus Von Wagner, Professor in the 
Royal Technical High School, Buda-Pest, Hungary, and other 
auihorilies. By JULius Frankel, Graduate of the Polytechnic 
School of Hanover. Edited by Robert Hutter, Chemist, Practical 
Manufacturer of Starch-Sugar. Illustrated by 58 engravings, cover- 
ing every branch of the subject, including examples of the most 
Recent and Best American Machinery. 8vo., 344 pp. . $3.50 

GEE. — The Goldsmith's Handbook : 

Containing full instructions for the Alloying and Working of Gold, 
including the Art of Alloying, Melting, Reducing, Coloring, Col- 
lecting, and Refining; the Processes of Manipulation, Recovery of 
Waste ; Chemical and Physical Properties of Gold ; with a New 
System of Mixing its Alloys; Solders, Enamels, and other Useful 
Rules and Recipes. By George E. Gee. i2mo. . . ^1-75 

GEE. — The Silversmith's Handbook : 

Containing full instructions for the Alloying and Working of Silver, 
including the different modes of Refining and Melting the Metal ; its 
Solders; the Preparation of Imitation Alloys; Methods of Manipula- 
tion; Prevention of Waste ; Instructions for Improving and Finishing 
the Surface of the Work ; together with other Useful Information and 
Memoranda. By George E. Gee, Jeweller. Illustrated. i2mo. 

^1.75 
GOTHIC ALBUM FOR CABINET-MAKERS : 

Designs for Gothic Furniture. Twenty-three plates. Oblong |2.00 

GREENWOOD.— Steel and Iron: 

Comprising the Practice and Theory of the Several Methods Pur- 
sued in their Manufacture, and of their Treatment in the Rolling- 
Mills, the Forge, and the Foundry. By William Henry Green- 
wood, F. C. S. Asso. M. I. C. E., M. I. M. E., Associate of the Royal 
School of Mines. With 97 Diagrams, 536 pages. i2mo. . ^2.00 

GREGORY.— Mathematics for Practical Men : 

Adapted to the Pursuits of Surveyors, Architects, Mechanics, and 
Civil Engineers. By Olinthus Gregory. 8vo., plates . $3.00 

GRIER.— Rural Hydraulics : 

A Practical Treatise on Rural Household Water Supply. Giving a 
full description of Springs and Wells, of Pun;ips and Hydraulic Ram, 
with Instructions in Cistern Building, Laying of Pipes, etc. By W. 
W. Grier. Illustrated 8vo 75 

GRIMSHAW.— Modern Milling: 

Being the substance of two addresses delivered by request, at the 
Franklin Institute, Philadelphia, January 19th and Januaiy 27th, 
1881. By Robert Grimshaw, Ph. D. Edited from the Phono- 
graphic Reports. With 28 Illustrations. 8vo. . . $1.00 

GRIMSHAW.— Saws : 

The History, Development, Action, Classification, and Comparison 
of Saws of all kinds. IViti Copious Appendices. Giving the details 
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of Manufacture, Filing, Setting, Gumming, etc. Care and Use of 
Saws ; Tables of Gauges ; Capacities of Saw-Mills ; List of Saw- 
Patents, and other valuable information. By Robert Grimshaw. 
Second and greatly enlarged edition, with Supplement^ and 354 Illus- 
trations. Quarto . %^.qo 

GRIMSHAW. — ^A Supplement to Qrimshaw on Saws: 
Containing additional practical matter, more especially relating to the 
Forms of Saw-Teeth, for special material and conditions, and to the 
Behavior of Saws under particular conditions. 1 20 Illustrations. By 
Robert Grimshaw. Quarto $2.00 

GRISWOLD. — Railroad Engineer's Pocket Companion for the 
Field : 
Comprising Rules for Calculating Deflection Distances and Angles, 
Tangential Distances and Angles, and all Necessary Tables for En- 
gineers; also the Art of Levelling from Preliminary Survey to the 
Construction of Railroads, intended Expressly for the Young En- 
gineer, together with Numerous Valuable Rules and Examples. By 
W. Griswold. i2mo., tucks ^i-7S 

GRUNER. — Studies of Blast Furnace Phenomena: 

By M. L. Gruner, President of the General Council of Mines of 
France, and lately Professor of Metallurgy at the Ecole des Mines, 
Translated, with the author's sanction, with an Appendix, by L. D. 
B. Gordon, F. R. S. E., F. G. S. 8vo. . . . ^^2.50 

GOETTIER.— Metallic Alloys : 

Being a Practical Guide to their Chemical and Physical Properties, 
their Preparation, Composition, and Uses. Translated from the. 
French of A. Guettier, Engineer and Director of Founderies, 
author of " La P^ouderie en France," etc., etc. By A. A. Fesquet, 
Chemist and Engineer. i2mo. ..... $3.00 

HASERICK.— The Secrets of the Art of Dyeing Wool, Cotton, 
and Linen, 
Including Bleaching and Coloring Wool and Cotton Hosiery and 
Random Yarns. A Treatise based on Economy and Practice. By 
E. C. Haserick. Illustrated by 323 Dyed Patterns of the Yarns 
or Fabrics. 8vo. ........ $25.00 

HATS AND FELTING : 

A Practical Treatise on their Manufacture. By a Practical Hatter. 
Illustrated by Drawings of Machinery, etc. 8vo. . . $1.25 

HENRY. — The Early and Later History of Petroleum : 
With Authentic Facts in reeard to its Development in Western Penn- 
sylvania. With Sketches of the Pioneer and Prominent Operators, 
together with the Refining Capacity of the United States. By J. T. 
Henry. Illustrated 8vo. !..... 

HOFFER. — A Practical Treatise on Caoutchouc and Gutta 

Percha, 

Comprising the Properties of the Raw Materials, and the manner of 

Mixing and Working them ; with the Fabrication of Vulcanized and 

Hard Rubbers, Caoutchouc and Gutta Percha Compositions^ Water- 
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proof Substances, Elastic Tissues, the Utilization of Waste, etc., etc. 
From the German of Raimund Hoffer, By W. T. Erannt. 
Illustrated i2mo. . iP2.50 

HOFMANN. — A Practical Treatise on the Manufacture of 
Paper in all its Branches : 
By Carl Hofmann, Late Superintendent of Paper-Mills in Germany 
and the United Slates; recently Manager of the "Public Ledger'* 
Paper-Mills, near Elkton, Maryland. Illustrated by no wood en- 
gravings, and five large Folding Plates. 4to., cloth; about 400 
pages . . $50.00 

HUGHES. — American Miller and Millwright's Assistant: 
By William Carter Hughes. i2mo $1.50 

HULME. — Worked Examination Questions in Plane Geomet- 
rical Drawing : 
For the Use of Candidates for the Royal Military Academy, Wool- 
wich ; the Royal Military College, Sandhurst ; the Indian Civil En- 
jrineering College, Cooper's Hill ; Indian Public Works and Tele- 
graph Departments ; Royal Marine Lijjht Infantry ; the Oxford and 
Cambridge Local Examinations, etc. By F. Edward Hulme, F. I.. 
S., F. S. A., Art-Master Marlborough College. Illustrated by 300 
examples. Small quarto $3-75 

JERVIS.— Railroad Property: 

A Treatise on the Construction and Management of Railways; 
designed to afford useful knowledge, in the popular style, to the 
holders of this class of property ; as well as Railway Managers, Offi- 
cers, ar.d Agents. By John B. Jervis, late Civil Engineer of the 
Hudson River Railroad, Croton Aqueduct, etc. i2mo., cloth ^2.00 

KEENE.— A Hand-Book of Practical Gauging : 

For the Use of Beginners, to which is added a Chapter on Distilla- 
tion, describing the process in operation at the Custom-House for 
ascertaining the Strength of Wines. By James B. Keene, of H. M. 
Customs. 8vo. ........ $1.25 

KELLEY. — Speeches, Addresses, and Letters on Industrial and 
Financial Questions : 
By Hon. William D. Kelley, M. C. 544 pages, 8vo. . $3.00 

KELLOGG.-— A New Monetary System : 
The only means of Securing the respective Rights of Labor and 
Property, and of Protecting the Public from Financial Revulsions. 
By Edward Kellogg. Revised from his work on "Labor and 
other Capital." With numerous additions from his manuscript. 
Edited by Mary Kellogg Putnam. Fifth edition. To which is 
added a Biographical Sketch of the Author. One volume, l2mo. 
Paper cover ......... ;{(i.oo 

Bound in cloth 1. 50 

KEMLO.— Watch-Repairer*s Hand-Book : 
Being a Complete Guide to the Young Beginner, in Taking Apart, 
Pulling Together, and Thoroughly Cleaning the English Lever and 
other Foreign Watches, and all American Watches. By F. Kemlo, 
Practical Watchmaker. With Illustrations. l2mo. . $1.25 
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KENTISH.— A Treatise on a Box of Instruments, 

And the Slide Rule ; with the Theory of Trigonometry and Loga* 
rithms, including Practical Geometry, Surveying, Measuring of Tim- 
ber, Cask and Malt Gauging, Heights, and Distances. By Thomas 
Kentish. In one volume. i2mo. . . . . $1.25 

KERL.— The Assayer*s Manual: 
An Abridged Treatise on the Docimastic Examination of Ores, and 
Furnace and other Artificial Products. By Bruno Kerl, Professor 
in the Royal School of Mines ; Member of the Royal Technical 
Commission for the Industries, and of the Imperial Patent-Office, 
Berlin. Translated from the German by William T. Brannt, 
Graduate of the Royal Agricultural College of Eldena, Prussia. 
Edited by William H. Wahl, Ph. D., Secretary of the Franklin 
Institute, Philadelphia. Illustrated by sixty-five engravings. 8vo. 

$300 

KINGZETT.— The History, Products, and Processes ef the 
Alkali Trade : 
Including the most Recent Improvements. By Charles Thomas 
KiNGZETT, Consulting Chemist. With 23 illustrations. 8vo. $2.50 

KINSLEY. — Self-Instructor on Lumber Surveying : 

For the Use of Lumber Manufacturers, Surveyors, and Teachers, 
By Charles Kinsley, Practical Surveyor and Teacher of Surveying. 

i2mo. .......... $2.00 

KIRK.— The Founding of Metals : 

A Practical Treatise on the Melting of Iron, with a Description of the 
Founding of Alloys; also, of all the Metals and Mineral Substances 
used in the Art of Founding. Collected from original sources. By 
Edward Kirk, Practical Foundryman and Chemist. Illustrated. 
Third edition. 8vo. ....... $2.50 

KITTREDGE.— The Compendium of Architectural Sheet- 
Metal Work : 
Profusely Illustrated. Embracing Rules and Directions for Estimates, 
Items of Cost, Nomenclature, Tables of Brackets, Modillions, Den- 
tals, Trusses, Stop- Blocks, Frieze Pieces, etc. Architect's Specifica- 
tion, Tables of Tin-Roofing, Galvanized Iron, etc., etc. To which is 
added the Exemplar of Architectural Sheet- Metal Work, containing 
details of the Centennial Buildings, and other important Sheet-Metal 
Work, Designs and Prices of Architectural Ornaments, as manufac- 
tured for the Trade by the Kittredge Cornice and Ornament Com- 
pany, and a Catalogue of Cornices, Window-Caps, Mouldings, etc., as 
manufactured by the Kittredge Cornice and Ornament Company. 
The whole supplemented by a full Index and Table of Contents. By 
A. O. Kittredge. 8vo., 565 pages .... 

LANDRIN.— A Treatise on Steel : 

Comprising its Theory, Metallurgy, Properties, Practical Working, 
and Use. By M. H. C. Landrin, Jr., Civil Engineer. Translated 
from the French, with Notes, by A. A. Fesquet, Chemist and En- 
gineer. With an Appendix on the Bessemer and the Martin Pro- 
cesses for Manufacturing Steel, fr6m the Report of Abram S. Hewitt 
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United States Commissioner to the Universal Exposition, Paris, 1867. 
i2mo $3.00 

LARD EN.— A School Course on Heat: 

By W. Larden, M. A. 321 pp. i2mo $2.00 

1.ARDNER.— The Steam -Engine: 

For the Use of Beginners. By Dr. Lardner. Illustrated. i2mo. 

75 
I/ARKIN. — The Practical Brass and Iron Founder's Guide : 

A Concise Treatise on Brass Founding, Moulding, the Metals and 

their Alloys, etc.; to which are added Recent Improvements in the 

Manufacture of Iron, Steel by the Bessemer Process, etc., etc. By 

James Larkin, late Conductor of the Brass Foundry Department in 

Reany, Neafie & Co.'s Penn Works, Philadelphia. Fifth edition, 

revised, with extensive additions. i2mo. . , . $2.25 

l^EROUX. — A Practical Treatise on the Manufacture of 
Worsteds and Carded Yarns : 
Comprising Practical Mechanics, with Rules and Calculations applied 
to Spinning; Sorting, Cleaning, and Scouring Wools; the English 
and French Methods of Combing, Drawing, and Spinning Worsteds, 
and Manufacturing Carded Yarns. Translated from the French of 
Charles Leroux, Mechanical Engineer and Superintendent of a 
Spinning-Mill, by HoRATio Paine, M. D., and A. A. Fesquet, 
Chemist and Engineer. Illustrated by twelve large Plates. To which 
is added an Appendix, containing Extracts from the Reports of the 
International Jury, and of the Artisans selected by the Committee 
appointed by the Council of the Society of Arts, London, on Woolen 
and Worsted Machinery and Fabrics, as exhibited in the Paris. Uni- 
versal Exposition, 1867. 8vo. ..... $5.00 

LEFFEL.—The Construction of Mill-Dams : 
Comprising also the Building of Race and Reservoir Embankments 
and Head-Gates, the Measurement of Streams, Gauging of Water 
Supply, etc. By James Leffel & Co. Illustrated by 58 engravings. 
8vo. $2,^0 

LESLIE.— Complete Cookery: 
Directions for Cookery in its Various Branches. By Miss Leslie. 
Sixtieth thoHsand. Thoroughly revised, with the addition of New 
Receipts. In i2mo., cloth $1-30 

LIEBER.— Assayer's Guide : 
Or, Practical Directions to Assayers, Miners, and Smelters, for the 
Tests and Assays, by Heat and by Wet Processes, for the Ores of all 
the principal Metals, of Gold and Silver Coins and Alloys, and of 
Coal, etc. By OscAR M. Lieber. i2mo. . . . $1.25 

tOVE. — The Art of Dyeing, Cleaning, Scouring, and Finish- 
ing, on the Most Approved English and French Methods : 
Being Practical Instructions in Dyeing Silks, Woolens, and Cottons, 
Feathers, Chips, Straw, etc. Scouring and Cleaning Bed and Win- 
dow Curtains, Carpets, Rugs, etc. French and English Cleaning, 
any Color or Fabric of Silk, Satin, or Damask. By Thomas Love, 
* Working Dyer and Scourer. Second American Edition, to which 



28 HENRY CAREY BAIRD & CO/S CATALOGUE. 

are added General Instructions for the use of Aniline Colors. 8vo. 

343 pages $5.00 

LUKIN.— Amongst Machines: 

Embracing Descriptions of the various Mechanical Appliances used 
in the Manufacture of Wood, Metai, and other Substances. ]2mo. 

LUKIN. — The Boy Engineers: 

What They Did, and How They Did It. With 30 plates. i8mo. 

LUKIN.— The Young Mechanic : 

Practical Carpentry. Containing Directions for the Use of all kinds 
of Tools, and for Construction of Steam- Engines and Mechanical 
Models, including the Art of Turning in Wood and Metal. By John 
LuKiN, Author of "The Lathe and Its Uses," etc. Illustrated. 
i2mo ^1.75 

MAIN and BROWN. — Questions on Subjects Connected with 

the Marine Steam -Engine : 

And Examination Papers; with Hints for their Solution. By 

Thomas J. Main, Professor of Mathematics, Royal Naval College, 

and Thomas Brown, Chief Engineer, R. N. i2mo., cloth . $1.50 

MAIN and BROWN. — The Indicator and Dynamometer: 
With their Practical Applications to the Steam -Engine. By THOMAS 
J. Main, M. A. F. R., Ass't S. J'rofessor Royal Naval College, 
Portsmouth, and Thomas Brown, Assoc. Inst. C. E., Chief Engineer 
R. N., attached to the R. N. College. Illustrated. 8vo. . 3l'50 

MAIN and BROWN.— The Marine Steam-Engine. 

By Thomas J. Main, F. R. Ass't S. Mathematical Professor at the 
Royal Naval College, Portsmouth, and Thomas Brown, Assoc. 
Inst. C. E., Chief Engineer R. N. Attached to the Royal Naval 
Colleire. With numerous illustrations. 8vo. . . . $5.00 

MARTIN.— Screw-Cutting Tables, for the Use of Mechanical 
Engineers : 
Showing the Proper Arrangement of Wheels for Cutting the Threads 
of Screws of any Required Pitch ; with a Table for Making the Uni- 
versal Gas- Pipe Thread and Taps. By W. A. Martin, Engineer. 
8vo. 50 

MICHELL.— Mine Drainage: 
Being a Complete and Practical Treatise on Direct-Acting Under- 
ground Steam Pumping Machinery. With a Description of a large 
number of the best known Engines, their General Utility and the 
Special Sphere of their Action, the Mode of their Application, and 
their Merits compared with other Pumping Machinery. By Stephen 
MiCHELL. Illustrated by 137 engravings. 8vo., 277 pages . $6.00 

MOLESWORTH.— Pocket-Book of Useful Formulae and 
Memoranda for Civil and Mechanical Engineers. 
By Guilford L. Molesworth, Member of the Institution of Civil 
Engineers, Chief Resident Engineer of the Ceylon Railway, Full- 
bound in Pocket-book form ....•• ^i.oo 
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MOORE. — The Universal Assistant and the Complete Me- 
chanic : 

Containing over one million Industrial Facts, Calculations, Receipts, 
Processes, Trades Secrets, Rules, Business Forms, Legal Items, Etc., 
in every occupation, from the Household to the Manufactory. By 
R. Moore. Illustrated by 500 Engravings. i2mo. . JJ52.50 

MORRIS. — Easy Rules for the Measurement of Earthworks : 
By means of the Prismoidal Formula. Illustrated with Numerous 
Wood-Cuts, Problems, and Examoles, and concluded by an Exten- 
sive Table for finding the Solidity in cubic yards from Mean Areas, 
The whole being adapted for convenient use by Engineers, Surveyors, 
Contractors, and others needing Correct Measurements of Earthwork. 
By Elwood Morris, C. E. 8vo Si-So 

MORTON.— The System of Calculating Diameter, Circumfer- 
ence, Area, and Squaring the Circle : 
Together with Interest and Miscellaneous Tables, and other informa- 
tion. By James Morton. Second Edition, enlarged, with the 
Metric System. i2mo. ....... $1.00 

NAPIER.— Manual of Electro- Metallurgy : 

Including the Application of the Art to Manufacturing Processes. 
By James Napier. Fourth American, from the Fourth London 
edition, revised and enlarged. Illustrated by engravings. 8vo. $1.50 

NAPIER. — A System of Chemistry Applied to Dyeing. 

By James Napier, F. C. S. A New and Thoroughly Revised Edi- 
tion. Completely brought up to the present state of the Science, 
including the Chemistry of Coal Tar Colors, by A. A. Fesquet, 
Chemist and Engineer. With an Appendix on Dyeing and Calico 
Printing, as shown at the Universal Exposition, Paris, 1867. Illus- 
trated. Svo. 422 pages $5.00 

NEVILLE. — Hydraulic Tables, Coefficients, and Formulae, for 
finding the Discharge of Water from Orifices, Notches, 
Weirs, Pipes, and Rivers : 
Third Edition, with Additions, consisting of New Formulae for the 
Discharge from Tidal and Flood Sluices and Siphons ; general infor- 
mation on Rainfall, Catchment-Basins, Drainage, Sewerage, Water 
Supply for Towns and Mill Power. By ToHN Neville, C. E. M. R. 
I. A. ; Fellow of the Royal Geological Society of Ireland. Thick 
i2mo $3'S^ 

NEWBERY. — Gleanings from Ornamental Art of every 
style : 
Drawn from Examples in the British, South Kensington, Indian, 
Crystal Palace, and other Museums, the Exhibitions of 185 1 and 
1862, and the best English and Foreign works. In a series of 100 
exquisitely drawn Plates, containing many hundred examples. By 
Robert Newbery. 410. ...... ^(12.50 

NICHOLLS. —The Theoretical and Practical Boiler-Maker and 
Engineer's Reference Book: 
Containing a variety of Useful Information for Employers of Labor, 
Foremen and Working Boiler-Makers, Iron, Copper, and Tinsmiths, 
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Draughtsmen, Engineers, the General Steam-using Public, and for th« 
Use of Science Schools and Classes. By SAMUEL NiCHOLLS. Illus- 
trated by sixteen plates, i2mo. ..... $2.50 

NICHOLSON.^A Manual of the Art of Bookbinding : 
Containing full insiruciions in the different Branches of Forwarding, 
Gilding, and Finishing. Also, the Art of Marbling Book-edges and 
Paper. By James B. Nicholson. Illustrated. i2mo., cloth ^2.25 

NICOLLS.— The Railway Builder: 
A Hand -Book for Estimating the Probable Cost of American Rail- 
way Construction and Equipment. By William J. Nicolls, Civil 
Engineer. Illustrated, full bound, pocket-book form . $2.00 

NORMANDY.— The Commercial Handbook of Chemical An- 
alysis : 
Or Practical Instructions for the Determination of the Intrinsic or 
Commercial Value of Substances used in Manufactures, in Trades, 
and in the Arts. By A. Normandy. New Edition, Enlarged, and 
to a great extent rewritten. By Henry M. Noad, Ph.D., F.R.S., 
thick i2mo. ......... $5.00 

NORRIS. — A Handbook for Locomotive Engineers and Ma- 
chinists : 
Comprising the Proportions and Calculations for Constructing Loco- 
motives; Manner of Setting Valves; Tables of Squares, Cubes, Areas, 
etc., etc. By Septimus Norris, M. E. New edition. Illustrated, 
l2mo ^1.50 

NORTH.— The Practical Assayer: 

Containing Easy Methods for the Assay of the Principal Metals and 
Alloys. Principally designed for explorers and those interested in 
Mines. By Oliver North. Illustrated.' i2mo. 

NYSTROM. — A New Treatise on Elements of Mechanics : 
Establishing Strict Precision in the Meaning of Dynamical Terms : 
accompanied with an Appendix on Duodenal Arithmetic and Me- 
trology. By John W. Nystrom, C. E. Illustrated. 8vo. I2.00 

NYSTROM.— On Technological Education and the Construc- 
tion of Ships and Screw Propellers : 
For Naval and Marine Engineers. By John W. Nystrom, late 
Acting Chief Engineer, U. S. N. Second edition, revised, with addi- 
tional matter. Illustrated by seven engravings. l2mo. . ^1.50 

O'NEILL. — A Dictionary of Dyeing and Calico Printing: 

Containing a brief account of all the Substances and Processes in 
use in the Art of Dyeing and Printing Textile Fabrics; with Practical 
Receipts and Scientific Information. By Charles O'Neill, Analy- 
tical Chemist. To which is added an Essay on Coal Tar Colors and 
their application to Dyeing and Calico Printing. By A. A. Fesquet, 
Chemist and Engineer. With an appendix on Dyeing and Calico 
Printing, as shown at the Universal Exposition, Paris, 1867. 8vo., 
491 pages i^S-OO 

ORTON. — Underground Treasures*. 

How and Where to Find Them. A Key for the Ready Determination, 
of all the Useful Minerals within the United States. By James 
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OrtON, A.m., Late Professor of Natural. History in Vassar College, 
In. Y.; Cor. Mem. of the Academy of Natural Sciences, Philadelphia, 
and of the Lyceum of Natural History, New York; author of the 
*• Andes and the Amazon," etc. A New Edition, with Additions. 
Illustrated $l'SO 

OSBORN.— The Metallurgy of Iron and Steel: 

Theoretical and Practical in all iis Branches; with special reference 
to American Materials and Processes. By H. S. OsBORN, LL. D., 
Professor of Mining and Metallurgy in Lafayette College, Easton, 
Pennsylvania. Illustrated by numerous large folding plates and 
wood-engravings. 8vo. ...... ^^25.00 

OVERMAN.— The Manufacture of Steel : 

Containing the Practice and Principles of Working and Making Steel. 
A Handbook for Blacksmiths and Workers in Steel and Iron, Wagon 
Makers, Die Sinkers, Cutlers, and Manufacturers of Files and Hard- 
ware, of Steel and Iron, and for Men of Science and Art. By 
Frederick Overman, Mining Engineer, Author of the " Manu- 
facture of Iron," etc. A new, enlarged, and revised Edition. By 
A. A. Fesquet, Chemist and Engineer. i2mo. . . ^1.50 

OVERMAN.— The Moulder's and Founder*s Pocket Guide : 
A Treatise on Moulding and Founding in Green-sand, Dry-sand, Loam, 
and Cement; the Moulding of Machine Frames, Mill-gear, Hollow- 
ware, Ornaments, Trinkets, Bells, and Statues ; Description of Moulds 
for Iron, Bronze, Brass, and other Metals; Plaster of Paris, Sulphur, 
Wax, etc. ; the Construction of Melting Furnaces, the Mehing and 
Founding of Metals ; the Composition of Alloys and their Nature, 
etc., etc. By Frederick Overman, M. E. A new Edition, to 
which is added a Supplement on Statuary and Ornamental Moulding, 
Ordnance, Malleable Iron Castings, etc. By A. A. Fesquet, Chem- 
ist and Engineer. Illustrated by 44 engravinps. i2mo. . $2.00 

PAINTER, GILDER, AND VARNISHER'S COMPANION : 
Containing Rules and Regulations in everything relating to the Aril 
of Painting, Gilding, Varnishing, Glass-Staining, Graining, Marbling, 
Sign- Writing, Gilding on Glass, and Coach Painting and Varnishing; 
Tests for the Deteciion of Adulterations in Oils, Colors, etc. ; and a 
Statement of ihe Diseases to which Painters are peculiarly liable, with 
the Simple>t and Best Remedies. Sixteenth Edition. Revised, with 
an Appendix. Containing Colors and Coloring — Theoretical and 
Practical. Comprising descriptions of a great variety of Additional 
Pigments, their Qualities and Uses, to which are added. Dryers, anc? 
Modes and Operations of Painting, etc. Together with Chevreurs 
Principles of Harmony and Contrast of Colors. l2mo. Cloth 1^1.50 

PALLETT.— The Miller's, Millwright's, and Engineer's Guide. 
By Henry Pallett. Illustrated. i2mo. . . . fe.oo 

PEARSE. — A Concise History of the Iron Manufacture of the 
American Colonies up to the Revolution, aiid of Pennsyl- 
vania until the present time. 
By John B. Pearse. Illustrated i2mo. . . . $2.00 
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PERCY.— The Manufacture of Russian Sheet-Iron. 

By John Percy, M. D., F. R. S., Lecturer on Metallui^y at the 
Royal School of Mines, and to The Advance Class of Artillery 
Officers at the Royal Artillery Institution, Woolwich; Author of 
*• Metallurgy." With Illustrations. 8vo., paper . . 50 cts. 

PERKINS.— Gas and Ventilation : 

Practical Treatise on Gas and Ventilation. With Special Relation 
to Illuminating, Heating, and Cooking by Gas. Including Scientific 
Helps to Engineer-students and others. With Illustrated Diagrams. 
By E. E. Perkins. i2mo., cloth $1.25 

PERKINS AND STOWE.— A New Guide to the Sheet-iron 
and Boiler Plate Roller : 
Containing a Series of Tables showing the Weight of Slabs and Piles 
to Produce Boiler Plates, and of the Weight of Piles and the Sizes of 
Bars to produce Sheet-iron ; the Thickness of the Bar Gauge 
in decimals ; the Weight per foot, and the Thickness on the Bar or 
Wire Gauge of the fractional parts of an inch; the Weight per 
sheet, and the Thickness on the Wire Gauge of Sheet-iron of various 
dimensions to weigh 112 lbs. per bundle; and the convei^ion of 
Short Weight into Long Weight, and Long W^eight into Short. 
Estimated and collected by G. H. Perkins and J. G. Stowe. $2.50 

POWELL— CHANCE—HARRIS.— The Principles of Glass 
Making. 
By Harry J. Powell, B. A. Together with Treatises on Crown and 
Sheet Glass; by Henry Chance, M. A. And Plate Glass, by H. 
G. Harris, Asso. M. Inst. C. E. Illustrated i8mo. . $150 
PROTEAUX.— Practical Guide for the Manufacture of Paper 
and Boards. 
By A. Proteaux. From the French, by HoRATio Paine, A. B., 
M. D. To which is added the Manufacture of Paper from Wood, 
by Henry T. Brown. Illustrated by six plates. 8vo. 
PROCTOR.— A Pocket-Book of Useful Tables and Formulae 
for Marine Engineers. 
By Frank Proctor. Second Edition, Revised and Enlarged. 
Full bound pocket-book form $i'SO 

REGNAULT. — Elements of Chemistry. 
By M. V. Regnault. Translated from the French by T. Forrest 
Betton, M. D., and edited, with Notes, by James C. Booth, Melter 
and Refiner U. S. Mint, and William L. Faber, Metallurgist and 
Mining Engineer. Illustrated by nearly 700 wood engravings. Com- 
prising nearly 1,500 pages. In two volumes, 8vo., cloth . ^7.50 

RIFFAULT, VERGNAUD, and TOUSSAINT.— A Practical 
Treatise on the Manufacture of Colors for Painting : 
Comprising the Origin, Definition, and Classification of Color? ; the 
Treatment of the Raw Materials ; the best Formulas and the Newest 
Processes for the Preparation of every description of Pigment, and 
the Necessary Apparatus and Directions for its Use ; Dryers ; the 
Testing, Application, and Qualities of Paints, etc., etc. By MM. 
RiFFAULT, Vergnaud, and Toussaint. Revised and Edited by M. 
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F. Malepeyre. Translated from the French, by A. A. Fesque^ 
Chemist and Engmeer. Illustrated by Eighty engravings. In one 
vol., 8vo., 659 pages ....... 1^7*5^ 

ROPER.— A Catechism of High-Pressure, or Non-Condensing 
Steam -Engines : 
Including the Modellings, Constructing, and Management of Steam- 
Engines and Steam Boilers. With valuable illustrations. By Ste- 
phen Roper, Engineer. Sixteenth edition, revised and enlarged. 
i8mo., tucks, gilt edge . $2.00 

ROPER.— Engineer's Handy-Book: 

Containing a full Explanation of the Steam-Engine Indicator, and its 
Use and Advantages to Engineers and Steam Users. With Formulae 
for Estimating the Power of all Classes of Steam- Engines; also. 
Facts, Figures, Questions, and Tables for Engineers who wish to 
qualify themselves for the United States Navy, the Revenue Service, 
the Mercantile Marine, or to take charge of the Better Class of Sta- 
tionary Steam-Engines. Sixth edition. i6mo., 690 pages, tucks, 
gilt edge $3.50 

ROPER. — Hand-Book of Land and Marine Engines : 

Including the Modelling, Construction, Running, and Management 
of Land and Marine Engines and Boilers. With illustrations. By 
Stephen Roper, Engineer. Sixth edition. i2mo.,ti'cks, gilt edge. 

$3-S0 
ROPER.— Hand-Book of the Locomotive : 

Including the Construction of Engines and Boilers, and the Construc- 
tion, Management, and Running of Locomotives. By Stephen 
Roper. Eleventh edition. i8mo., tucks, gilt edge . ^{(2.50 

ROPER. — Hand-Book of Modern Steam Fire-Engines. 
With illustrations. By Stephen Roper, Engineer. Fourth edition, 
i2mo., tucks, gilt edge $3-$^ 

ROPER. — Questions and Answers for Engineers. 

This little book contains all the Questions that Engineers will be 
asked when undergoing an Examination for the purpose of procuring 
Licenses, and they are so plain that any Engineer or Fireman of or- 
dinary intelligence may commit them to memory in a short time. By 
Stephen Roper, Enj^ineer. Third edition . . . $3.00 

ROPER. — Use and Abuse of the Steam Boiler. 
By Stephen Roper, Engineer. Eighth edition, with illustrations. 
i8mo., tucks, gilt edge ....... j^2.oo 

ROSE.— The Complete Practical Machinist : 

Embracing Lathe Work, Vise Work, Drills and Drilling, Taps and 
Dies, Hardening and Tempering, the Making and Use of Tools, 
Tool Grinding, Marking out Work, etc. By Joshua Rose. Illus- 
trated by 356 engravings. Thirteenth edition, thoroughly revised 
and in great part rewritten. In one vol., l2mo., 439 pages ^^2.50 

ROSE. — Mechanical Drawing Self-Taught: 

Comprising Instructions in the Selection and Preparation of Drawing 
Instruments, Elementary Instruction in Practical Mechanical Draw- 
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>ng, together with Examples in Simple Geometry and Elementary 
Mechanism, including Screw Threads, Gear Wheels, Mechanical Mo- 
tions, Engines and Boilers. By Joshua Rose, M. E., Author of 
" The Complete Practical Machinist," •• The Pattern-maker's Assist- 
ant," "The Slide-valve." Illustrated by 330 engravings. 8yo., 313 

pages ;P4.oo 

ROSE.— The Slide- Valve Practically Explained : 

Embracing simple and complete Practical Demonstrations of the 
operation of each element in a Slide-valve Movement, and illustrating 
the effects of Variations in their Proportions by examples carefully 
selected from the most recent and successful practice. By Joshua 
Rose, M. E., Author of " The Complete Practical Machinist," " The 
Pattern-maker's Assistant," etc. Illustrated by 35 engravings |(l.oo 

ROSS. — The Blowpipe in Chemistry, Mineralogy and Geology : 

Containing all Known Methods of Anhydrous Analysis, many Work- 
ing Examples, and Instructions for Making Apparatus. By Lieut.- 
CoLONEL W. A. Ross, R. A. F., G. S. With 120 Illustrations. 
i2mo ^1.50 

SHAW.— Civil Architecture : 

Being a Complete Theoretical and Practical System of Building, con- 
taining the Fundamental Principles of the Art. By Edward Shaw, 
Architect. To which is added a Treatise on Gothic Architecture, etc. 
By Thomas W. Silloway and George M. Harding, Architects. 
The whole illustrated by 102 quarto plates finely engraved on copper. 
Eleventh edition. 410. ....... $10.00 

SHUNK.— A Practical Treatise on Railway Curves and Loca- 
tion, for Young Engineers. 
By William F. SHtJNK, Civil Engineer. i2mo. Full bound pocket- 
book form ......... $2.00 

SLATER.— The Manual of Colors and Dye Wares. 
By J. W. Slater. i2mo 13-75 

SLOAN.— American Houses: 

A variety of Original Designs for Rural Buildings. Illustrated by 
twenty-six colored Engravings, with Descriptive References. By 
Samuel Sloan, Architect, author of the " Model Architect,'* etc. 

etc. 8vo. $i'S^ 

SLOAN. — Homestead Architecture : 

Containing Forty Designs for Villas, Cottages, and Farm-houses, with 
Essays on Style, Construction, Landscape Gardening, Furniture, etc., 
etc. Illustrated by upwanls of 200 engravings. By Samuel Sloan, 
Architect. Svo $3-5^ 

SMBATON.— Builder's Pocket-Companion : 

Containing the Elements of Building, Surveying, and Architecture ; 
with Practical Rules and Instructions connected with the subject. By 
A* C, Smeaton, Civil Engineer, etc. i2mo. . . . $1.50 
SMITH. — A Manual of Political Economy. 

By E. Peshine Smith. A new Edition, to which is added a full 
Index. i2mo. $1.25 
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SMITH. — Parks and Pleasure -Grounds : 

Or Practical Notes on Country Residences, Villas, Public Parks, and 
Gardens. By Charles H. J. Smith, Landscape Gardener and 
Garden Architect, etc., etc. l2mo. .... $2.00 

SMITH.— The Dyer's Instructor : 

Comprising Practical Instructions in the Art of Dyeing Silk, Cotton, 
Wool, and Worsted, and Woolen Goods ; containing nearly 800 
Receipts. To which is added a Treatise on the Art of Padding; and 
the Printing of Silk Warps, Skeins, and Handkerchiefs, and the 
various Mordants and Colors for the different styles of such work. 
By David Smith, Pattern Dyer. i2mo. . . . $3.00 

SMYTH.— A Rudimentary Treatise on Coal and Coal-Mining. 
By Warrington W. Smyth, M. A., F. R. G., President R. G. S. 
of Cornwall. Fifth edition, revised and corrected. With numer- 
ous illustrations. I2mo. ...... $1*75 

SNIVBLY. — A Treatise on the Manufacture of Perfumes and 
Kindred Toilet Articles. 
By John H. Snively, Phr. D., Professor of Analytical Chemistry in 
the Tennessee College of Pharmacy. 8vo. . . . $3.00 

SNIVELY.— Tables for Systematic Qualitative Chemical Anal- 
ysis. 
By John H. Snively, Phr. D. 8vo. . . . , $1.00 

SNIVELY.— The Elements of Systematic Qualitative Chemical 
Analysis : 
A Hand-book for Beginners. By John H. Snively, Phr. D. i6mo. 

$2.00 
STEWART,— The American System : 

Speeches on the Tariff Question, and on Internal Improvements, 
principally delivered in the House of Representatives of the United 
Stales. By Andrew Stewart, late M. C. from Pennsylvania. 
With a Portrait, and a Biographical Sketch. 8vo. . . $3.00 

STOKES.— The Cabinet- Maker and Upholsterer's Companion : 

Comprising the Art of Drawing, as applicable to Cal)inct Work; 
Veneering, Inlaying, and Buhl- Work; the Art of Dyeing nnd Stain^ 
ing Wood, Ivory, Bone, Tortoise-Shell, etc. Directions for Lackerx 
i"S» Japanning, and Varnishing; to make French Polish, Glues^ 
Cements, and Compositions; with numerous Receipts, useful to work» 
men generally. By J. Stokes. Illustrated. A New Edition, with 
an Appendix upon French Polishing, Staining, Imitating, Varnishing, 
etc., etc. i2mo ^1.25 

STRENGTH AND OTHER PROPERTIES OF METALS: 

Reports of Experiinenis on the Strength and other Properties of 
Metals for Cannon. With a Description of the Machines fur Testing 
Metals, and of the Classification of Cannon in service. By Officers 
of the Ordnance Department, U. S. Army. By authority of the Secre* 
taryofWar. Illustrated by 25 large steel plates. Quarto . ^lO.oo 
SULLIVAN.— Protection to Native Industry. 
By Sir Edward Sullivan, Baronet, author of " Ten Chapters on 
Social Reforms." 8vo $1.50 
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SYME. — Outlines of an Industrial Science. 

By David Syme. i2mo. ^2.00 

TABLES SHOWING THE WEIGHT OP ROUND, 
SQUARE, AND FLAT BAR IRON, STEEL, ETC., 

By Measurement. Cloih ...... 63 

TAYLOR.— Statistics of Coal : 

Including Mineral Bituminous Substances employed in Arts and 
Manufactures; with their Geographical, Geological, and Commercial 
Distribution and Amount of Production and Consumption on the 
American Continent. With Incidental Statistics of the Iron Manu- 
facture. By R. C. Taylor. Second edition, revised by S. S. Halde- 
MAN. Illustrated by five Maps and many wood engravings. 8vo., 
cloth $10.00 

TEMPLETON. — The Practical Examinator on Steam and the 
Steam -Engine: 
With Instructive References relative thereto, arranged for the Use of 
Engineers, Students, and others. By William Templeton, En- 
gineer. i2mo. I1.25 

THAUSING.— The Theory and Practice of the Preparation of 
Malt and the Fabrication of Beer : 
With especial reference to the Vienna Process of Brewing. Elab- 
orated from personal experience by JuLius E. Thausing, Professor 
at the School for Brewers, and at the Agricultural Institute, Modling, 
near Vienna. Translated from the German by William T. Brannt, 
Thoroughly and elaborately edited, with much American matter, and 
according to the latest and most Scientific Practice, by A. Schwarz 
and Dr. A. H. Bauer. Illustrated by 140 Engravings. 8vo., 815 
pages ^j^io.oo 

THOMAS. — The Modern Practice of Photography: 

By R. W. Thomas, F. C. S. Svo. .... 75 

THOMPSON.— Political Economy. With Especial Reference 
to the Industrial History of Nations : 
By Robert E. Thompson, M. A., Professor of Social Science in the 
University of Pennsylvania. l2mo. .... $1.50 

THOMSON.— Freight Charges Calculator: 

By Andrew Thomson, Freight Agent. 24mo. . . ;J>i.25 

TURNER'S (THE) COMPANION: 

Containing Instructions in Concentric, Elliptic, and Eccentric Turn- 
ing; also various Plates of Chucks, Tools, and Instruments; and 
Directions for using the Eccentric Cutter, Drill, Vertical Cutter, and 
Circular Rest; with Patterns and Instructions for working them. 
i2mo <J5i.2S 

TURNING : Specimens of Fancy Turning Executed on the 

Hand or Foot- Lathe : 

With Geometric, Oval, and Eccentric Chucks, and Elliptical Cutting 

Frame. By an Amateur. Illustrated by 30 exquisite Photographs. 

4to. $3.00 

URBIN— BRULL.— A Practical Guide for Puddling Iron and 
Steel. 
By Ed. Urbin, Engineer of Arts and Manufactures. A Prize Essay, 
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read before the Association of Engineers, Graduate of the School of 
Mines, of Liege, Belgium, at the Meeting of 1865-6. To which is 
added A Comparison of the Resisting Properties of Iron and 
Steel. By A. Brull. Translated from the French by A. A. Fes- 
QUET, Chemist and Engineer. 8vo. .... ^I.oo 

VAILE. — Galvanized- Iron Cornice-Worker's Manual : 

Containing Instructions in Laying out the Different Mitres, and 
Making Patterns for all kinds of Plain and Circular Work. Also, 
Tables of Weights, Areas and Circumferences of Circles, and other 
Matter calculated to Benefit the Trade. By Charles A. Vaile. 
Illustrated by twenty-one plates. 4to. .... $S'^^ 

VILLE. — On Artificial Manures : 

Their Chemical Selection and Scientific Application to Agriculture. 
A series of Lectures given at the Experimental Farm at Vincennes, 
during 1867 and 1874-75. By M. Georges Ville. Translated and 
Edited by William Crookes, F. R. S. Illustrated by thirty-one 
engra vinos. 8vo., 450 pages $6.00 

VILLE.— The School of Chemical Manures : 

Or, Elementary Principles in the Use of Fertilizing Agents. From 
the French of M. Geo. Ville, by A. A. Fesquet, Chemist and En- 
gineer. With Illustrations. l2mo. .... 151.25 
VOGDES. — The Architect's and Builder's Pocket- Companion 
and Price -Book : 
Consisting of a Short but Comprehensive Epitome of Decimals, Duo- 
decimals, Geometry and Mensuration ; with Tables of United States 
Measures, Sizes, Weights, Strengths, etc., of Iron, Wood, Stone, 
Brick, Cement and Concretes, Quantities of Materials in given Sizes 
and Dimensions of Wood, Brick and Stone; and full and complete 
Bills of Prices for Carpenter's Work and Painting; also. Rules for 
Computing and Valuing Brick and Brick Work, Stone Work, Paint- 
ing, Plastering, with a Vocabulary of Technical Terms, etc. By 
Frank W. Vogdes, Architect, Indianapolis, Ind. Enlarged, revised, 
and corrected. In one volume, 368 pages, full-bound, pocket-book 

form, gilt edges $2.00 

Cloth . . «.....• 1.50 

WAHL. — Galvanoplastic Manipulations : 

A Practical Guide tor the Gold and Silver Electroplater and the Gal- 
vanoplastic Operator. Comprising the Electro-Deposition of all 
Metals by means of the Battery and the Dynamo-Electric Machine, 
as well as the most approved Processes of Deposition by Simple Im- 
mersion, with Descriptions of Apparatus, Chemical Products employed 
in the Art, etc. Based largely on the ** Manipulations Hydroplas- 
tiques" of Alfred Roseleur. By William H. Wahl, Ph. D. 
(Heid), Secretary of the Franklin Institute. Illustrated by 189 en- 
gravings. 8vo., 656 pages iSi7'S^ 

WALTON.— Coal-Mining Described and Illustrated: 

By Thomas H. Walton, Mining Engineer. Illustrated l.y 24 large 
and elaborate Plates, after Actual Workings and Apparatus. $S-00 
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WARE.— The Sugar Beet. 
Including a History of the Beet Sugar Industry in Europe, VarieliCf 
of the Sugar Beet, Examination, Soils, Tillajje, Seeds and Sowing, 
Yield and Cost of Cultivation, Harvesting, Transportation, Conserva- 
tion, Feeding Qualities of the Beet and of the Pulp, etc. By Lewis 
S. Ware, C. E., M. E. Illustrated by ninety engravings. 8vo. 

$4.00 

WARN.— The Sheet-Metal Worker's Instructor: 

For Zinc, Sheet-Iron, Copper, and Tin-Plale Workers, etc. Contain- 
ing a selection of Geometrical Problems; also. Practical and Simple 
Rules for Describing the various Patterns required in the different 
branches of the above Trades. By Reuben H. Warn, Practical 
Tin-Plale Worker. To which is added an Appendix, containing 
Instructions for Boiler-Making, Mensuration of Surfaces and Solids, 
Rules for Calculating the Weights of different Figures of Iron and 
Steel, Tables of the Weights of Iron, Steel, etc. Illustrated by thirty. 
two Plates and thirty-seven Wood Engravings. 8vo. . |>3.oo. 

WARNER. — New Theorems, Tables, and Diagrams, for the 
Computation of Earth -work : 

Designed for the use of Engineers in Preliminary and Final Estimates^ 
of Students in Engineering, and of Contractors and other non-profes. 
sional Computers. In two parts, with an Appendix. Part I. A Prac- 
tical Treatise; Part II. A Theoretical Treatise, and the Appendix, 
Containing Notes to the Rules and Examples of Part I.; Explana- 
tions of the Construction of Scales, Tables, and Diagrams, and a 
Treatise upon Equivalent Square Bases and Equivalent Level Heights. 
The whole illustrated by numerous original engravings, comprising 
explanatory cuts for Definitions and Problems, Stereometric Scales 
and Diagrams, and a series of Lithographic Drawings from Models : 
Showing all the Combinations of Solid Forms which occur m Railroad 
Excavations and Embankments. By John Warner, A. M., Mining 
and Mechanical Enginecrr. Illustrated by 14 Plates. A new, revised 
and improved edition. 8vo. ...... ^4.00 

WATSON.—-A Manual of the Hand-Lathe : 

Comprising Concise Directions for Working Metals of all kinds, 
Ivory, Bone and Precious Woods; Dyeing, Coloring, and French 
Polishing; Inlaying by Veneers, and various methods practised to 
produce Elaborate work with Dispatch, and at Small Expense. By 
Egbert P. Watson, Author of " The Modern Practice of American 
Machinists and Engineers." Illustrated by 78 engravings. jpi.50 

WATSON. — The Modern Practice of American Machinists and 
Engineers : 

Including the Construction, Application, and Use of Drills, Lathe 
Tools, Cutters for Boring Cylinders, and Hollow-work generally , with 
the most Economical Speed for the same ; the Results verified bjf 
Actual Practice at the Lathe, the Vise, and on the Floor. Togethei 
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with Workshop Management, Economy of Manufacture, the Steara- 
Engine, Boilers, Gears, Behing, etc., etc. By Egbert P. Watson. 
Illustrated by eighty-six engravings. i2mo. . . . $2.^a 

WATSON.— The Theory and Practice of the Art of Weaving 
by Hand and Power : 
With Calculations and Tables for the Use of those connected with the 
Trade. By John Watson, Manufacturer and Practical Machine- 
Maker. Illustrated by large Drawings of the best Power Looms. 
8vo. . . . • JJ57.50 

WATT.— The Art of Soap Making : 

A Practical Hand-book of the Manufacture of Hard and Soft Soaps, 
Toilet Soaps, etc., including many New Processes, and a Chapter on 
the Recovery of Glycerine from Waste Leys. By Alexander 
Watt. 111. i2mo . JJ53.00 

WEATHERLY.— Treatise on the Art of Boiling Sugar, Crys« 
tailizing, Lozenge-making, Comfits, Gum Goods, 

And other processes for Confectionery, etc., in which are explained, 
in an easy and familiar manner, the various Methods of Manufacture 
ing every Description of Raw and Refined Sugar Goods, as sold by 
Confectioners and others. i2nio. ..... $1.50 

WEDDING.— Elements of the Metallurgy of Iron. 

By Dr. Hermann Wedding, Royal Privy Counsellor of Mines, Ber- 
lin, Prussia. Translated from the second revised and rewritten Ger- 
man edition. By William T. Brannt, Graduate of the Royal Ag- 
ricultural College at Eldena, Prussia. Edited by William H. 
Wahl, Ph. D., Secretary of the Franklin Institute, Philadelphia. 
Illustrated by about 250 engravings. 8vo., about 500 pages {^In prep- 
aration.^ ......... 

WEINHOLD. — Introduction to Experimental Physics, Theo-^ 
retical and Practical. 
Including directions for Constructing Physical Apparatus and for 
Making Experiments. By Adolf F. Weinhold, Professor in the 
Royal Technical School at Chemnitz. Translated and edited, with 
the author's sanction, by Benjamin Loewy, F. R. A. S., with a 
preface, by G. C. Foster, F. R. S. Illustrated by three colored plates 
and 404 wood-cuts. 8vo., 848 pages .... |l6.oo 

WIGHTWICK.— Hmts to Young Architects : 

Comprising Advice to those who, while yet at school, are destined 
to the Profession; to such as, having passed their pupilage, are about 
to travel ; and to those who, having completed their education, are 
about to practise. Together with a Model Specification involving a 

. great variety of instructive and suggestive matter. By Georgk 
WiGHTWiCK, Architect. A new edition, revised and considerably 
enlarged ; comprising Treatises on the Principles of Constructior/ 
and Design. By G. Huskisson Guillaume, Architect. Numerous 
Illustrations. One vol. i2mo ;g2.oo 

WILL. — Tables of Qualitative Chemical Analysis. 

With an Introductory Chapter on the Course of Analysis. By Pro- 
fessor . Heinrich Will, of Giessen, Germany. Third American, 
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from the eleventh German edition. Edited by Charles F. Himes. 
Ph. D., Professor of Natural Science, Dickinson College, Carlisle, Pa 

8vo. . . • $1 S^ 

WILLIAMS.— On Heat and Steam : 

Embracing New Views of Vaporization, Condensation, and Explo- 
sion. By Charles Wye Williams, A. I. C. E. Illustrated 8vo. 

WILSON. — A Treatise on Steam Boilers : 

Their Strength, Construction, and Economical Working. By Robert 
Wilson. Illustrated i2mo ^^2.50 

WILSON. — Cotton Carder's Companion : 

In which is given a description of the manner of Picking, Baling, 
Marketing, Opening, and Carding Cotton ; to which is added a list of 
valuable Tables, Rules, and Receipts, by Foster Wilson. i2mo. 

J81.50 

WILSON.-— First Principles of Political Economy : 

With Reference to Statesmanship and the Progress of Civilization. 
By Professor W. D. WiLSON, of the Cornell University. A new and 
revised edition. l2mo. ....... $l-SO 

WOHLER.— A Hand-book of Mineral Analysis. 

By F. W5HLER, Professor of Chemistry in the University of Gottin- 
gen. Edited by Henry B. Nason, Professor of Chemistry in the 
Renssalaer Polytechnic Institute, Troy, New York. Illustrated 
l2mo $3.00 

WORSSAM.— On Mechanical Saws : 

From the Transactions of the Society of Engineers, 1869. By S. W. 
Worssam, Jr. Illustrated by eighteen large plates. 8vo. , ^2.50 



RECENT ADDITIONS. 

ANDERSON— The Prospector's Hand-Book; 

A Guide for the Prospector and Traveler in Search of Metal Bearing 
or other Valuable Minerals. By J. W. Anderson. 52 Illustrations. 
i2mo. . . . . . . ... . i?i.50 

BILGRAM.— Slidc-Valve Gears : 

A new, graphical method for Analyzing the Action of Slide- Valves, 
moved by Eccentrics, Link Motions, and Cut-off Gears, offering easy 
means for properly designing Valves and Valve-Gears, and for estab- 
lishing the comparative merits of their various constructions. By 
Hugo Bilgram, M. E. Illustrated. i6mo. . . . ^i.oo 

CREW.— A Practical Treatise on Petroleum : 

Comprising its Geographical Distribution, its Geology, Chemistry, 
Mining, Refining, Preparation, and Uses. Together with a Descrip- 
tion of Gas Wells and the Application of Gas as Fuel, etc. By 
Benjamin J. Crew. Illustrated. 8vo. (In preparation.) 

CROOKES.— Select Methods in Chemical Analysis (Chiefly 
Inorganic) : 
By William Crookes, F. R. S., V. P. C. S- 2d edition, re-written 
and greatly enlarged. Illustrated by 37 wood-cuts. 725 pp. 8vo. $g.SO 
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DAVIS. — A Treatise on Steam-Boiler Incrustation and Meth- 
ods for Preventing Corrosion and the Formation of Scale : 
By Charles T. Davis. Illustrated by 65 engravings. 8vo. $2.00 

DAVIS. — The Manufacture of Paper : 

Being a Description of the various Processes for the Fabrication, 
Coloring and Finishing of every kind of Paper, Including the Dif- 
ferent Raw Materials and the Methods for Determining their Values, 
the Tools, Machines and Practical Details connected with an intelli- 
gent and a profitable prosecution of the art, with special reference to 
the best American Practice. To which are added a History of Pa- 
per, complete Lists of Paper- Making Materials, List of American 
Machines, Tools and Processes used in treating the Raw Materials, 
and in Making, Coloring and Finishing Paper. By Charles 
T. Davis. Illustrated by 156 engravings. 500 pages, 8vo, j(6.oo 

Hand-Book of Useful Tables for the Lumberman, Farmer and 
Mechanic : 
Containing Accurate Tables of Logs Reduced to Inch Board Meas- 
ure, Plank, Scantling and Timber Measure; Wages and Rent, by 
Week or Month; Capacity of Granaries, Bins and Cisterns; Land 
Measure, Interest Tables, with Directions for Finding the Interest on 
any sum at 4, 5, 6, 7 and 8 per cent., and many other Useful Tables. 
32 mo., boards. 1S6 pages . ..... .25 

MAKINS.— A Manual of Metallurgy: 
By George Hogarth Makins, M. R. C. S. S. C. S. Illustrated 
by 100 engravings. Second edition rewritten and much enlarged. 
8vo., 592 pages $3.00 

ROPER. — Instructions and Suggestions for Engineers and 
Firemen : 
By Stephen Roper, Engineer $2.00 

ROPER. — The Steam Boiler : Its Care and Management : 
By Stephen Roper, Engineer. i2mo., tuck, gilt edges . ;^2.oo 

ROPER.— The Young Engineer's Own Book: 

Containing an Explanation of the Principle and Theories on which 
the Steam Engine as a Prime Mover is Based. By Stephen Roper, 
Engineer. 160 illustrations, 363 pages. l8mo., tuck . $3.00 

ROSE. — Modern Steam- Engines : 

An Elementary Treatise upon the Steam-Engine, written in Plain 
language ; for Use in the Workshop as well as in the Drawing OfiSce. 
Giving Full Explanations of the Construction of Modern Steam- 
Engines : Including Diagrams showing their Actual operation. To- 
gether with Complete but Simple Explanations of the operations of 
Various Kinds of Valves, Valve Motions, and Link Motions, etc., 
thereby Enabling the Ordinary Engineer to Clearly Understand the 
Princi|)les Involved in their Construction and Use, and to Plot out 
their Movements upon the Drawing Board. By Joshua Rose, M. E., 
Author of " The Complete Practical Machinist," ** The Pattern 
Maker's Assistant," ** The Slide Valve " and " Mechanical Drawing 
Self- Taught." Illustrated by over 4C0 engravings. In one volume, 
4to, 320 pages $6.00 
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